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FOREWORD 


In furtherance of the object of the Petroleum Division to “ . . . furnish a 
medium of cooperation among those interested in the petroleum industry, and to 
promote the advancement of this branch of mineral technology through meetings 

_for professional and social intercourse, and to stimulate the preparation, reading, 
discussion and circulation of papers connected therewith,” this volume of Petroleum 
Development and Technology is commended to the members of the Petroleum 
Division. 

The Petroleum Division met during the Annual Meeting of the Institute at 
New York in February 10943, and instead of having two meetings in the fall, held 
a meeting in the Mid-Continent area in May at Dallas and another meeting 
at Los Angeles in October. The spacing of the meetings in this manner helped to 
make papers more currently available for PETROLEUM TECHNOLOGY and has dis- 
tributed the work of the Papers and Programs Committee, as well as of the New 
York force, more evenly over the year. ; 

The calling of many technical men into the services of our Country made it 
necessary for those left at their positions in civilian activity to assume additional 
duties and responsibilities. Much research work had to be curtailed or com- 
pletely suspended because of the lack of trained personnel. Under these circum- 
stances, those who took time from their crowded schedule to prepare and present 
technical papers deserve the thanks of the Petroleum Division. The Division is 
indebted also to the members of the Papers and Programs Committee and to all — 
officers and committeemen who contributed to the outstanding success of the 
meetings. 

To Mr. Chester Naramore, Executive Secretary of the Petroleum Division, 
much credit is due for the successful year of the Division. He has worked hard 
and enthusiastically in the interest of the members. Mr. E. J. Kennedy, Jr., 
Assistant Secretary, has been of invaluable help to the Papers and Publications 
Committee, and to him and to the New York office personnel the Petroleum Divi- 
sion extends its thanks for a good job well done. 

In February 1944, a meeting of the Petroleum Division was held at the Waldortf- 
Astoria Hotel, New York, during the Annual Meeting of the Institute. Notwith- 
standing the absence of many personalities long identified with the Petroleum 
Division, the attendance was larger than ever before, which reflected the intense 
interest in the problems of the petroleum industry. The importance of oil in the 
war effort was clearly emphasized by the nature of the sessions and the large 
number of engineers who attended and participated in the discussions. 

The Petroleum Division was host to the Regional Meeting of the Institute at 
Houston in May 1944, and the fall meeting is scheduled for Los Angeles in October. 


W. S. Morris, Chairman, 


> Ki.cort, TEXAS, Petroleum Division, 1044. 


April 22, 1944. 
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R. B. NewcomseE, Chief Development and Production Analyst, District 2, Petroleum Adminis- 
tration for War, Chicago, Lllinois. 

Wituram T. NIGHTINGALE, Vice President and Chief Geologist, Mountain Fuel Supply Co., 
Rock Springs, Wyoming. 

Dovctas RacLanp, Petroleum Engineer, Humble Oil and Refining Co., Corpus Christi, Texas. 

W. E. S. ScHorNeEcK, Petroleum Engineer, The Ohio Oil Co., Mt. Pleasant, Michigan. 

Josrepn H. Stncrarr, Consulting Geologist, New York, New York. 

S. E. Strprer, Consulting Engineer, Calgary, Alberta, Canada. 

Wa tter H. SPEARS, Superintendent of Geology, Land and Mapping, Union Producing Co., 
Shreveport, Louisiana. 

EVERETT? F. STRATTON, Division Engineer, Schlumberger Well Surveying Corporation, Mattoon, 
Illinois. 

L. B. Taytor, Petroleum Engineer, Kansas Corporation Commission, Wichita, Kansas. 

MARSHALL C. TurRNER, Union Oil Co., Santa Fe Springs, California. 

GrEoRGE W. Wuite, Professor of Geology, Department of Geology, The Ohio State University, 
Columbus, Ohio. 


Nominating 


C. A. WarRNER, Chairman. Superintendent of Land Dept., Houston Oil Company of Texas, 
Houston, Texas. 

Joun S. BELL, Division Petroleum Engineer, Humble Oil and Refining Co., Tyler, Texas. 

W. B. BERWALD, Chief Petroleum Engineer, Ohio Oil Co., Tulsa, Oklahoma. 

GrEoRGE B. CortEss, Superintendent, Gulf Coast Div., Humble Oil and Refining Co., Houston, 
Texas. 

L. E. Porter, Assistant Manager, Exploitation, Richfield Oil Corporation, Los Angeles, California. 


THE ANTHONY F. LUCAS FUND AND MEDAL 


In 1936 the Institute established the Anthony F. Lucas Gold Medal, to be awarded 
from time to time “‘for distinguished achievement in improving the technique and prac- 
tice of finding and producing petroleum.”’ These awards’ are sponsored by the Petroleum 
Division. 

Captain Lucas was a pioneer in the oil industry, one of the early wildcatters and a 
leading mining and petroleum engineer. He was famous as the discoverer of Spindletop. 
He became a member of the Institute in 1895 and in 1913 was the first Chairman of the 
Petroleum and Gas Committee of the Institute, the forerunner of the present Petroleum 
Division. He also headed the Committee in 1914, 1917 and 1918. 


MEDALS AWARDED 


To J. Epcar Pew, February 1937 
Henry L. Dowerty, February 1938 
E. DEeGotyer, February 1940 
ConrAD (posthumously) and MARCEL SCHLUMBERGER, February 1941 
JoHN ROBERT SUMAN, February 1943 
CHARLES VAN ORMER MILLIKAN, February 1944 


COMMITTEE ON AWARD 


DonaLtp R. KNowtton, Chairman 


Until Feb. 1945 Until Feb. 1946 Until Feb. 1947 Until Feb. 1948 
W. H. GEIs HERBERT HOOVER, JR. E. G. GAYLORD C. V. MILLIKAN 
D. R. KNowLTon E. A. STEPHENSON J. M. Lovejoy J. E. Pocure 
W. E. PRATT J. B. UMpPLeBy J. R. Suman HPS SroLz 


Members Ex-officiis 


Tra CRAM W.R. Boyp, Jr. CHESTER A. FULTON R. R. SAYERS 
Pres. A.A.P.G. Pres. A.P.I. Pres. A.I.M.E. Dir. B. of M. 
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CHARLES VAN ORMER MILLIKAN 


Anthony F, Lucas Medalist, 1944 Award 


“For his outstanding contributions to engineering in the development 
and production of pe troleum. For his studies of reservoir behavior and his 
many published papers advancing the art of reservoir control. For his work 
in appreciating the need for an instrument capable of determining reservoir 
pressures, in developing a gage for recording bottom-hole pressures, and in 
teaching its use. For his long and effective service to the Institute in the 
Petroleum Division.” 


Chapter I. Exploration 


Deeper Drilling Prospects in the Mid-Continent 


By A. R. Dentson,* Memser A.I.M.E. 


ABSTRACT 


SEVERAL productive areas in the Mid-Con- 
tinent are broadly and briefly examined with 
respect to the present depth of drilling on 
productive structures, and the thickness of 
sediments remaining untested. Evidence is 
offered to show that a vertical mile to two 
miles of untested but prospective formation 
remain within reach of the drill. In no case 
would a well deeper than 15,000 ft. be required, 
and in most cases to no greater depth than 
10,000 ft. Recent outstanding success of 
deeper prospecting in West Texas demon- 
strates the merits of deeper drilling on known 
structure. 


INTRODUCTION 


New fields discovered during 1942 
equaled or exceeded the number in any 
_ preceding year. The total amount of oil 
_ found by these discoveries was less than 
in any previous year, for which accurate 
records are available. This means that 
the pools now being discovered are much 
smaller than in past years. This is to be 
expected, since the prospects available 
' during 1942 were largely those overlooked 
_ in the earlier years and therefore represent 
a second or third order (in quality) of 
structural feature. This failure to find 
pools of good size and quality raises grave 
2 doubt as to the security of our future oil 
supply. With military needs rising almost 
daily, and the period of heaviest con- 


Manuscript received at the office of the 
Institute Aug. 9, 1943. Issued as T.P. 1650 in 


PETROLEUM TECHNOLOGY, November 1943. 


* Chief Geologist, Amerada Petroleum Cor- 
poration, Tulsa, Oklahoma. 
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sumption in our war effort still in the 
future, there is even a growing doubt as to 
our ability to supply the amount needed 
for our ultimate victory. This does not 
mean that our reserves are inadequate, 
but rather that our ‘‘capacity to produce” 
may be inadequate. Lacking large fields 
with flush production, our capacity to 
produce is rapidly approaching our current 
needs. Since the industry is unable to 
find the large new fields necessary to 
keep a safe margin of “capacity to pro- 
duce,’ other means are needed. It seems 
obvious that one of these should be deeper 
prospecting on the large, proven, produc- 
tive structural features now known. 

The exploratory wildcat is drilled pri- 
marily in search of a trap and the reason 
for failure to find oil and gas in nine out of 
ten cases is due to the absence of a suitable 
trap under the drill site. Therefore, deeper 
drilling on a known structural feature that 
is productive largely eliminates the greatest 
hazard in wildcat drilling. While by no 
means all the oil known today is found in 
structural traps—in fact, some have 
estimated that less than half is so located— 
the fact remains that structural traps 
are far more commonly the oil fields that 
have multiple horizons of production super- 
imposed one over the other. Outstanding 
examples are the Eldorado field in Kansas, 
the Tonkawa and Cushing fields in Okla- 
homa, the Louden and Salem pools of 
Illinois, and the richest and most prolific 
of all structural traps, the Long Beach, Ven- 
tura and other similar fields of CaMfornia. 
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Fic. 1.—THICKNESS OF SEDIMENTS BETWEEN THE NOW 
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GENERALLY PROSPECTED LEVELS AND THE 


ORTHERN Mip-ContTIneEnt. 


-It is common in many lines of effort 
to overlook that which is known and near 
to us, in our search for that which is 
unknown and distant. Our productive oil 
‘fields are “known and near” and it is very 
easy to dismiss them with the broad 
generalization that they have been tested. 
‘This is true only if reliance is placed in 
“the antiquated assumption that any given 
Sedimentary horizon marks the end of 
possible oil accumulation. For many years 
in the early history of prospecting for oil 
in Oklahoma the top of the Mississippi 
lime was considered the “farewell” horizon. 
This idea was entirely eliminated by the 
discovery of oil in the “Wilcox” sand of 
Ordovician age. Other similar examples 
‘that limited prospecting could be recited 
_ for nearly every oil province. 

It is assumed in this discussion that no 
‘structural trap is condemned for deeper 
production until all sedimentary beds 
above granite or other basement rocks 
are thoroughly prospected. There are, 
of course, limitations on the depth to 
which prospecting can go with the present 
design of drilling equipment, but one well 
thas drilled below 15,000 ft. and several 
_others have closely approached this figure. 
It is, then, perhaps not unreasonable to 
say that any known structural feature 
can be prospected to 15,000 ft. with the 
‘present equipment. On the following 
pages an examination is made of a few 
‘selected areas in the Mid-Continent to 
see what thickness of sediments remain 
between the now generally prospected 
~ levels and the basement rocks, or 15,000 ft., 
whichever is the shallower. In general, 
‘it will be shown that there remains not a 
few hundred feet but in most places more 
than a mile in thickness and in some more 
“than two vertical miles of additional 
sedimentary beds awaiting the drill. 


NorTHERN Mip-CoNTINENT 


_ Fig. 1 shows the principal producing 
areas of Oklahoma and Kansas. The 


fe 
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crosshatched area has in general less than 
tooo ft. of sedimentary beds below present 
prospected horizon. This includes nearly 
all the productive areas of Kansas as 
well as the northern part of Oklahoma. 
In this vast area are many fine structural 
traps, and no doubt many of them will 
have deeper production; but, since the 
total selection to be drilled is very small, 
they cannot be said to have the chavices 
of additional oil that is present in areas 
where the beds are many times as thick. 


SEMINOLE DISTRICT, OKLAHOMA 


South of this area of thin sediments, 
there is a progressive increase in thickness, 
so that under the Seminole plateau there 
are 4000 to 5000 ft. between the generally 
prospected level—the “ Wilcox” sand—and 
the basement rocks. Fig. 2 shows the pools 
in the Seminole district that produce oil 
from purely structural traps. These fields, 
in the aggregate, cover more than 70 sq. 
miles and have produced approximately 
three fourths of a billion barrels of oil. 

The four wells shown on Fig. 2 are the 
only tests anywhere on these structures 
that were drilled below the “Wilcox” 
producing horizon. Their total depths 
are 4478, 5080, 5181 and 6203 ft., which is 
468, 760, 1541 and 1890 ft., respectively, 
below the producing horizon. The two 
deepest tests are “edge wells” in their 
respective fields and foo low to produce 
in the regular pay. With more than 2500 ft. 
of sediments remaining above granite below 
the deepest of these wells, and more than 
4000 ft. below the shallowest, it is obvious 
that they are not adequate tests of these’ 
structures. 

Since the “‘ Wilcox” sand is at an average 
depth of 4000 ft. in the Seminole district, 
and there is estimated to be 4000 ft. or 
more of sedimentary rocks between this 
depth and granite, there remains as great 
a thickness of sediments, or more, to be 
drilled than has heretofore been prospected. 
It would not require a well much deeper 
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than 8000 ft. to prospect the entire sedi- 
mentary section below present producing 
horizons. 


als 


bf) 


15,000 ft., whichever is the shallowest. A 
number of fields in East Texas are produc- 
ing in the Paluxy formation, and there is 


SEMINOLE DISTRICT 


Fic. 2.—AREAS PRODUCING FROM STRUCTURAL TRAPS AND THE ‘‘DEEP”? DRY HOLES IN THE SEMINOLE 
DISTRICT. 


East TExAs BAsIN ' 


In the East Texas basin, the broad 
structure is of such a regular nature that 
contour lines can be drawn to indicate the 
depths remaining to be prospected below 
the present producing horizons (Fig. 3). 
The numbers shown on the contours give 
thickness of sedimentary rocks between 
the Woodbine sand and (1) basement 
rocks, (2) and Smackover lime or (3) 


oil and gas-distillate production in the Glen 
Rose and Travis Peak, all lying below the 
Woodbine, but the first of these is less than 
1500 ft. below the Woodbine and the 
Travis Peak is not more than 4oo0 feet. 
The contour lines show ranges in thick- 
ness from 4000 at the western border to 
10,000 ft. in the bottom of the basin. This 
deeper figure is where the. Woodbine is 
5000 ft. deep and thus indicates a total 
drilling depth of 15,000 ft. Under such 
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outstanding structures as Van and Haw- 
kins, there are from 8000 to gooo ft. of 
untested sediments below the present 
Woodbine productive horizon. Under the 


THE SMACKOVER LIMESTONE, 


newer Paluxy producing fields of Coke and 

~ Quitman, there are 6000 ft. or more of 
sediments, and at Chapel Hill, with a 
productive horizon at 8000 ft., there are 
‘at least 5000 ft. of sedimentary beds above 
“the basement and above 13,000 ft. The 
fact that Woodbine structures have four 
or more and the Paluxy three or more 
- known productive horizons within drilling 
range would appear to make such deeper 
drilling particularly attractive. 


SULPHUR® 


TQ 
TExAS GULF COAST 


The Houston district of the Texas 
Gulf Coast is an area that has many out- 


BLUFE 


EAST TEXAS 7, 


7 os 
s 


: Fic. .—THICKNESS OF SEDIMENTS BETWEEN THE WOODBINE SAND AND (I BASEMENT ROCKS (2) 
? 
(3) 15,000 FEET, WHICHEVER IS SHALLOWER. 


standing oil-producing structural traps 
and a sedimentary column of rocks under 
these structures, which extends to or 
beyond 15,000 ft. The limits of deeper 
drilling, then, are there fully controlled by 
the capacity of the present drilling equip- 
ment. On Fig. 4 the present depth and the 
feet remaining to prospect are shown along- 
side such outstanding structures as Tom- 
ball, Conroe, Katy, Hastings, Webster, 
Anahuac and Hardin. The sediments still 
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untested, and within reach of the drill, 
vary from 10,000 ft. at Conroe to 7300 pe 
at Katy. Thus, from 114 to 2 vertical miles 
of section remain to be prospected. That 


CONROE ae 


part of the Permian at depths ranging 


from 800 to sooo ft. Ellenburger production — 


at 8600 ft. was found at Big Lake under- 
neath structure producing in Permian 


\ Be 


GULF COAST 


Fic. 4.—For A PART OF THE TEXAS GULF COAST, DEPTH OF PRESENT PRODUCTIVE ZONE (P. 7700) 
AND THICKNESS OF SEDIMENTS REMAINING UNTESTED ABOVE 15,000 FEET. 


such drilling may ‘“‘pay off” in an impor- 
tant way is illustrated by the Neale field, 
in Beauregard Parish, Louisiana. There 
the discovery sand was at 8000 ft. but a 
more prolific sand was uncovered 3000 ft. 
deeper. Below this deeper sand there 
remains more than 4000 ft. of sediments 
within reach of the drill. 


THE PERMIAN BASIN (WEsT TExAsS-NEW 
Mexico) 


The Permian Basin of West Texas and 
New Mexico for several years following dis- 
covery of oil, produced only from the upper 


beds at 3000 ft. in 1928, but the importance 
of deeper drilling on proved structure, 
was overshadowed by the numerous 
prolific discoveries from the Permian. 
Production from Simpson and Ellenburger 
was discovered at the moderate depths 
of 5000 to 6000 ft. where the Permian was 
missing or barren in several fields between 
1928 and ro4o. At the beginning of the 
latter year, a trend of deeper drilling was 
inaugurated both for wildcat and pool 
wells. Some results have been deeper 
Permian pay at Wasson, the Embar pool of 
Andrews County, the Barnhart pool of 
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ee County and the Monahans pool, structure, producing from the Permian 
= Sia at 3600 ft. At both of these places more 
eturning, however, to the type of than a vertical mile of new drilling was 
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Fic. 5-—PRODUCTIVE AREAS IN SEVERAL HORIZONS AND DEPTH TO PRESENT PROSPECTED PRODUCING 
LEVELS IN SEVERAL OUTSTANDING STRUCTURAL TRAPS, 


prospecting proved at Big Lake many required to reach the new productive 
years ago has led in 1943 to the discovery _ horizon. 

of the Ellenburger production at 9200 ft. Outstanding structural traps such as 
at Keystone, a structure producing from Vacuum, Hobbs, Monument, Seminole, 
the Permian at 3600 ft., and another Ellen- Means and Goldsmith have never had a 
burger discovery at 10,450 ft.inthe Walton test below the upper Permian. Present 
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productive depths in these fields range 
from 4000 to 5200 ft., and there is ample 
evidence to show that a vertical mile or 
more of sediments remains untested under 
these fields. The Wasson field, producing 
from 5300 and 7400 ft., covers more than 
70 sq. miles and has only one test that 
went as deep at 10,000 ft. Numerous 
other productive traps having less pro- 
nounced structure likewise offer good 
promise for deeper prospecting. There are 
then in Permian Basin hundreds of square 
miles of proved structural traps that have a 
vertical mile or more of sediments beneath 
them, which are within reach of a well 
drilled to 10,000 feet. 


SUMMARY 


In this brief examination of a few areas 
in the Mid-Continent, it has been shown 
that there is a vertical mile or more of 
sediments underlying in the aggregate 
many hundreds of square miles of struc- 
tural traps. Thus, literally hundreds of 


cubic miles of sediments on our choicest 
structural features await the drill. In 
many places the amount of such sediments 
remaining is much greater than the amount 
already exploited. There is no need for 
geological or geophysical effort since 
structural control is available from the 
wells drilled thus far. A great many 
of them will require a well to less than 
10,000 ft. and none over 15,000 ft. They 
all have the great advantage, in these 
times of material shortages, of having 
pipe-line and transportation facilities al- 
ready available. In many places it would 
require little additional manpower to 
produce the oil thus found. Thus we have 
ready-made geology, depths within reach 
of the drill, and pipe lines and markets 
waiting. 

With these several factors in its favor, 
it appears that the quickest and most 
certain methods of alleviating the present 
danger of a shortage of “capacity to 
produce”’ is deeper drilling on our known, 
proven, productive, structural traps. 
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Waters from the Frio Formation, Texas Gulf Coast 


By F. W. JEssen* ann F. W. 


ROLSHAUSEN* 


(New York Meeting, February 1944) 


ABSTRACT 


It is the purpose of this paper to present 
data on brines occurring in the Frio formation 
of the Texas Gulf Coast, and to show how their 
composition varies, (1) with depth below the 
surface, (2) with depth below the top of the 
formation, and (3) along the approximate 
strike. 

The brines vary in chloride content from 
3,180 to 73,000 p.p.m., though the average 
salinity of the salt waters is shown to vary with 


total depth; the concentration being 35,000 to 


40,000 p.p.m. at 3500 to 5500 ft., slightly less 
than 50,000 p.p.m. chloride at 5500 to 6500 ft. 
and average 38,000 to 40,000 ‘ais 6500 feet. 

From the analyses available, it appears that 


- the highest concentration of salts occurs in 


the upper 300 ft. of the formation, while lower 
salinity is found with increasing depth below 
this point. 

The salt waters from wells in Starr County 
show less concentration of dissolved salts 
than in any other group of wells farther north 
along the strike. 

In all, 116 analyses from 63 fields and 14 
wildcats, from depths ranging from 1300 to 
11,400 ft. below the surface and from 2 to 
3240 ft. below the top of the Frio, are recorded. 


INTRODUCTION 


Brines have been studied for many 
years in an attempt to solve some of the 
geologic and production problems  asso- 
ciated with the production of oil and gas. 
One practical application of ‘study of 
water analyses is the correlation of waters 
occurring above, in, or below the producing 

Manuscript received at the office of the 
Institute Dec. 13, 1943. Issued as amy os 1729 in 
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sand in the same field or throughout the 
same formation. 

The Frio formation, the series of sands 
and shales occurring below the Marginulina 
zone and above the Vicksburg, is one of 
the major oil and gas-producing formations 
in the Texas Gulf Coast. Fossils are rare 
or absent in the upper Frio throughout 
most of the area. When available, cuttings 
and cores, and electric logs were used to 
determine the top of the Frio. A change 
in lithology was used to determine this 
point in most of the wells, and fossils 
were used in some of the deep wells. 

It is realized that a change in lithology 
is not perfect for correlation purposes 
over long distances and some of the trends 
may be influenced by the inability to 
differentiate between the nonfossiliferous 


_Marginulina zone and the Frio. It underlies 
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virtually all the area shown on the accom- 
panying map (Fig. 1). Although it is not 
productive in the updip facies, it has been 
explored to a limited degree below 12,000 ft. 
Furthermore, toward the coast line future 
drilling to deeper depths should encounter 
this formation. 

Although thousands of wells have 
penetrated or drilled entirely through the 
formation, very few water samples have 
been secured from the many sands occur- 
ring in this formation and analyzed. 


PREVIOUS INVESTIGATION 


No previous published study has been 
made of the chemical composition and 
concentration of waters from the Frio 
formation. However, one water analysis 
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from the Frio at Buckeye has been reported 
by E. W. Brucks.! The work of Minor’® 
at Goose Creek, Edgerley, and Hull 
shows a systematic increase of salinity 


WATERS FROM THE FRIO FORMATION, TEXAS GULF COAST 


that the salinity of the water in the Wood- 
bine formation increases with depth. 
Local salinity anomalies were found to be 
related to structure. W. A. Price!! has 
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with depth. Early recognition of the fact 
that local salinity anomalies might be 
related to structural features has been 
pointed out by him. Plummer and Sargent! 
reported on the waters of the Woodbine 
sand of the East Texas Basin and showed 


‘References are at the end of the paper. 


FROM WHICH SAMPLES WERE ANALYZED. 


endeavored to show the relation of shallow- 
water salinity and structure in the Corpus 
Christi area. Fash and Berger! indicated 
the rather close agreement between salinity 
and structure in the West Texas Basin. 
According to Torrey!? some correlation 
exists between the age of the formation 


‘ 
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and concentration of the dissolved solids 
_in the waters of the Appalachian region. 
Case? found that in Oklahoma and Kansas 
the concentration of the brines increased 
_ with depth. 


RESULTS OF THIs INVESTIGATION 


The results of the analyses of waters 
from the Frio formation are presented in 
Table 1, which shows: (1) the name of the 
“well and owner, (2) the county and field, 

(3) the depth below the surface from which 

the sample was obtained, (4) the top of the 

Frio below the surface, (5) the interval 

between the top of the Frio and the 

‘sampling depth, (6) the chemical com- 
position of the water expressed in parts 
* per million. 
The values of the separate ions chloride, 
~ sulphate, bicarbonate, calcium, and mag- 
nesium have been determined experi- 
mentally, and sodium, as reported, is 
calculated by difference and _ includes 
any potassium present. The total solids 
by evaporation are not included, since the 
~ nature of the brines causes crystallization 
_ of many salts with definite amounts of 
water of crystallization. The total solids 
may be determined by addition of the 
separate ions. 

Table 2 summarizes the chemical anal- 
yses of the various waters examined from 
the Gulf Coast counties indicated and 
includes data on the minimum and maxi- 
mum values in parts per million of the 
different ions reported. 

It is recognized that the top of the Frio 
as shown in Table 1 is really the first 
: appearance of the Frio formation in the 
_ wells. In some instances, although the 
table shows the sample to be a certain 

“number of feet below the top of the Frio, 

it actually may be several hundred feet 
below the top because of faulting or 
position on structure. 

Where more than one analysis was 
available, a typical analysis was chosen, 
‘ though wherever possible analyses of 
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waters from different horizons of the Frio 
in the same field or wells were recorded. 

Using the Palmer® classification, most 
of the waters are calculated to be secondary 
saline. A few waters calculate to be primary 
alkaline but it is believed that these waters 
are contaminated with treating chemicals. 
The secondary salinity is low—from 2 to 
12 per cent—while the primary salinity 
varies from 85 to 95 per cent. 

In a recent paper, Foster® discussed 
sulphate reduction and base exchange in 
salty ground waters in relation to the 
deficiency of calcium, magnesium, and 
sulphate that exist in them in comparison 
with the theoretical mixtures of sea water 
and fresh ground waters. Since virtually 
all the waters of this study show low 
secondary salinity, it is possible that base 
exchange reactions occurred either during 
or after deposition of the sediments. The 
lack of sulphate ion is an outstanding 
characteristic of the waters analyzed. 
This depletion of sulphates may be 
attributed to inorganic or organic reac- 
tions. Ginter® has discussed these reactions 
very thoroughly. 

In following the variations in chemical 
composition and concentration of water 
from wells in Starr County to Jefferson 
County, some interesting features are 
apparent. 

Fig. 2 depicts the change in concentration 
of chloride ion with actual depth of sample. 
It may be seen that a maximum value of 
chloride-ion concentration of approxi- 
mately 50,000 p.p.m. exists at the depth 
interval ranging from 5500 to 6500 ft., 
though the majority of samples show an 
average value of approximately 38,000 
p-p.-m. of chloride. Three depth intervals, 
1500 to 2500 ft., 2500 to 3500 ft. and g500 
to 10,500 ft., show relatively low con- 
centrations of salts, though’ insufficient 
data are available to typify the results 
obtained. 

Figs. 3 through 7 show the variations 
that occur in the chloride concentration 
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Brooks, Hidalgo, Jim Wells, Kleberg, 
and Nueces Counties are plotted; in 
like manner, Fig. 4 presents data from 
from 1352 to 11,407 ft., whereas the 13 fields and one wildcat in San Patricio, 
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with depth below the top of the Frio 
formation. Total depth below surface 
from which samples were available varies 
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interval between the sampling depth and 
the top of the Frio ranges from 2 to 
3240 ft. In Fig. 3, analyses of waters from 
16 fields and 12 wildcat wells in Starr, 
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TABLE 2.—Variation in Chemical Analysis of Gulf Coast Frio Waters 
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Refugio, Calhoun, Jackson, and Wharton 
Counties; Fig. 5, data from tro fields in 
Matagorda, Brazoria, and Galveston Coun- 
ties; Fig. 6 from nine fields in Fort Bend, 
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Harris, and Montgomery Counties; and 


_ Fig. 7 from eight fields in Chambers and 


= 
é 
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Lywoor 


Jefferson Counties. 

The sulphate-ion concentration found 
in the Starr County and Hidalgo County 
waters is much greater than in waters 
from any other of which samples are 
available. 

In the lower Rio Grande Valley area 


_-and, more particularly, in Starr County, 


there appear to be sufficient data available 
from wells in the same field and wildcat 
wells, producing from various depths 
in the Frio, to show any trends in changes 
of composition of the waters with depth 
below the top of the Frio. At first glance 
there seems to be no obvious definite 
relationship between the salt content 
and depth below the top of the Frio. 
A more critical examination by fields 
shows that at first there is a decrease in 
the total salinity, followed by increasing 
salinity with further penetration of the 
Frio. This same relationship also exists 
in the wildcat wells of this area. In Fig. 3 
the dotted lines indicate the general change 
of salinity with increased penetration. 

A possible explanation for this condition 
is the dilution of the sea water by fresh 
water during deposition of Frio sediments. 
This dilution reaches its maximum about 
middle Frio and then the salinity again 
began to increase toward the top of the 
section, owing to decreasing quantities 
of fresh water entering the sea. 

Two wells, one at Conroe and one at 
Tomball, are the only ones from which 
samples were obtained from the updip 
facies of the basal Frio. These wells are 
now being used as salt-water disposal 
wells. The original water from the basal 
Frio at the Tomball salt-water disposal 
well is encountered at a depth below the 
surface of 3600 to 3800 ft., or 1275 ft. 
below the top of the Frio, and has a 
chloride concentration of 25,500 p.p.m. 
The water produced from the basal Frio 
in the salt-water disposal well at Conroe, 
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3040 to 3160 ft. below the surface of 1060 ft. 
below the top of the Frio, has a chloride 
content of only 3180 p.p.m. Furthermore, 
this water contains 20 p.p.m. of sulphate 
ion. This normally may be considered 
to be a rather low concentration, though if 
this water were concentrated te approxi- 
mately 60,000 p.p.m. chloride, it would 
contain 400 p.p.m. sulphate. Only seven 
water analyses included in this study 
would have an equal or higher concentra- 
tion of sulphate. Two wells in Starr 
County, waters from three wildcat wells 
in Hidalgo County, one well at Old Ocean, 
and one well at Cedar Point are thus 
characterized. 

The brines from wells in Chambers and 
Jefferson Counties are more concentrated 
than those from Starr and Hidalgo Counties 
and are similar to the Harris County and 
Fort Bend County samples. One field, 
Lovell Lake, seems to be separate and 
distinct from others in this area. 

Although the sampling depth, 7700 to 
7800 ft. at Lovell Lake, lies between the 
6000-ft. sampling depth at Nome and the 
8000-ft. sampling depth at Stowell, the chlo- 
ride concentration is much less at Lovell 
Lake than at either Nome or Stowell. 

In Fig. 8 are tabulated the individual 
values of chloride ion determined in the 
116 waters analyzed. It is evident that a 
trend is indicated of decreasing salinity 
with depth. It also shows the predominance 
of waters with high concentrations of 
dissolved salts in the upper 400 to 500 ft. 
of formation. Definite differences in salinity 
characterize the waters from Lovell Lake 
(No. 79, 80, 81), Conroe (No. 72), Wildcat 
in Hidalgo County (No. 98), Richard 
King (No. 108), Pledger (No. 47), and 
Lucky (No. 34 and 35) while the water 
from the salt-water disposal well at Tom- 
ball (No. 68) lies along the generalized 
curve. 

A curve showing the distribution of 
samples containing less than 40,000 p.p.m. 
of chloride, or approximately twice the 
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concentration of present day sea water,’ 
is illustrated by Fig. 9. From a depth of 
300 to 1500 ft. below the top of the Frio, 
the waters obtained yield a chloride 
content of more than 40,000 p.p.m., 
whereas below this depth the majority 
of waters show decreased amounts of 


_. total dissolved salts. 


Fig. to presents the data obtained from 


_ wells approximately paralleling the present 


Gulf Coast shore line from Starr County 
to Jefferson County and shows the approxi- 
mate top of the Frio, the depth of sample, 
and the chloride concentration. It may be 
seen that a considerable depth of penetra- 
tion into the formation has been obtained 
in the several wells in Starr, Kleberg, 
and Nueces Counties. The remainder of 
the section shows much less penetration, 
though in Refugio and Jackson Counties 
samples were available. 
With only one exception, the highest 
concentration of salts occurs in the upper 
part of the Frio formation penetrated. 

In only one area were samples available 
to show a partial dip section. This occurs 
through Montgomery, Harris, and Gal- 
veston Counties. Fig. 11 shows the depth 


of samples, top of the Frio formation, and 
chloride concentration of samples from 
_ 3160 ft. total depth to 10,400 ft. total 


depth. The curve shows that except for 
the waters from League City the maximum 
concentration of chloride occurs in the 
upper part of the Frio, and that going 
downdip to depths of 4500 to 6500 ft. 
increased salinity is observed. 

Water samples are available from four 
piercement-type salt domes; namely, Big 
Creek, Sugarland, Pierce Junction, and 
Danbury (See Fig. 12). These waters 
show that the Frio sands from which the 
samples were obtained are not in contact 
with the salt. If these sands were in 
contact with the salt, it would be expected 


that much higher chloride concentrations 


would occur. 
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SUMMARY 


A compilation of 116 water analyses 
from 63 fields and r4 wildcat wells from 
the Frio formation of the Texas Gulf 
Coast are presented. A few trends are 
apparent, although it is realized that 
additional analyses may confirm or even 
reverse them. 

1. The chloride salinity increases and the 
sulphate salinity decreases from Starr 
County northward. 

2. The chloride salinity increases with 
depth downdip and reaches a maximum 
value between 4500 and 6500 ft., and 
apparently decreases with depth below 
6500 feet. 

3. The chloride salinity seems to have a 
maximum value in the upper 500 ft. 
of the Frio and to decrease as a greater 
interval of the Frio formation is pene- 
trated. This is especially evident in Harris 
and Fort Bend Counties. 

4. No definite conclusions may be 
drawn from this observation, however, 
as to the possible relationship between 
this concentration of salts in the upper 
Frio and oil and gas accumulation, or 
the changes that may have been effected 
in the waters by contact with oil or gas, 
since an insufficient number of samples is 
available for study. 

5. These waters show that the Frio 
sands from which the samples were 
obtained are not in contact with the salt. 
If these sands were in contact with the 
salt, it would be expected that much higher 
chloride concentrations would occur. 

As previously stated, since this study 
was intended only to present as many 
data as possible on the waters from the 
Frio, no attempt has been made to present 
any solution to the practical and theoretical 
problems involved in the study of brines 
so ably summarized by Washburne and 
Lahee.'® 

The wide area in which only a few 
samples are available from numerous 
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sands of the Frio prevents conclusive 
statements at this time regarding the 
waters. It is hoped that additional analyses 
of brines from the many sands of the Frio 
formation may become available. 


ACKNOWLEDGMENTS 


The authors wish to acknowledge with 
thanks the many analyses of waters made 
available to them by the J. S. Abercrombie 
Co., Gulf Oil Corporation, Humble Oil 
and Refining Co., Phillips Petroleum Co., 
Pure Oil Co., Shell Oil Co., Stanolind 
Oil and” Gas) Co;,, sun Oil Co Lexas 
Company, and the United North and 
South Development Co. They wish to 
express their appreciation to the Humble 
Oil and Refining Co. for permission to 
publish this paper and also to the Division 
Geological Department for assistance in 
determining the top of the Frio. 


REFERENCES 


1. E. W. Brucks: Buckeye Field, Matagorda 
County. Gulf Coast Oil Fields, Amer. 
Assn, Petr. Geol., 756. : 

2. L. C. Case: Subsurface Water Character- 
istics in Oklahoma and Kansas. Prob- 
lems of Petroleum Geology. Amer. Assn, 
Petr. Geol. (1936) 855-868. 


3. Dittmar: Challenger Expedition Report. 
Physics and Chemistry (1884) 1, 203. 

4. R. H. Fash and W. R. Berger: Relations 
of Water Analyses to Structure and 
Porosity in the West Texas Permian 
Basin. Problems of Petroleum Geology. 
Amer. Assn. Petr. Geol. (1934) 869-889. 

5. M. D. Foster: Base Exchange and Sulfate 
Reduction in Salty Ground Waters 
Along Atlantic and Gulf Coast. Bull. 
Amer. Assn. Petr. Geol. (1942) 28 
(5), 838-851. : 

6. R. L. Ginter: Sulfate Reduction of Deep 
Subsurface Waters, Problems of Petro- 
leum Geology. Amer. Assn. Petr. Geol. 
(1934) 907-925. : 

H. E. Minor: Chemical Relation of Salt 
Dome Waters. Bull. Amer. Assn. Petr. 
Geol. (1926) 9 (1), 38-41. 

8. H. E. Minor: Oil Field Waters of the Gulf 
Coastal Plain. Problems of Petroleum 
Geology. Amer. Assn. Petr. Geol. (1934) 
891-905. 

9. C. Palmer: The Geochemical Interpreta- 
tion of Water Analyses. U.S. Geol. 
Survey Bull. 479 (1911). 3I pp. 

to. F. B. Plummer and E. C. Sargent: Under- 
ground Waters and Subsurface Tem- 
peratures of the Woodbine Sand in 
Northeast Texas. Univ. Texas Bull. 
3128 (1931) 178. 

W. A. Price: Corpus Christi Structural 
Basin Postulated from Salinity Data. 
Gulf Coast Oil Fields. Amer. Assn. Petr. 
Geol. (1936) 270-308. 

12. P. D. Torrey: Oil Field Waters of the 
Appalachian Region. Problems of Petro- 
leum Geology. Amer. Assn. Petr. Geol. 
(1936) 855-868. 

C. W. Washburne and F. H. Lahee: Oil 
Field Waters. Problems of Petroleum 
Geology. Amer. Assn. Petr. Geol. (1934) 
833-840. 


~I 


If. 


ey 


Natural Potentials in Sedimentary Rocks 


By Parke A. Dickey,* Memser A.I.M.E. 
(New York Meeting, February 1943) 


ABSTRACT 


POTENTIAL differences between strata of 
shale and sandstone have been recognized for 
about 15 years, and they form the basis of the 
electrical logging of oil wells. Hitherto these 
potentials have been ascribed solely to electro- 
chemical reactions caused by the disturbing 
effects of the water in the drill hole through 
which they are generally measured. Observa- 
tions by the author in wells empty of water and 
in a mine shaft suggest that potential differ- 
ences between sandstones and shales are 
natural and specific properties of the rocks, 


_ although they are modified in measurement by 


the disturbing effects of the water in the drill 
hole. The cause of these potentials probably is 
to be sought in the relative polar adsorptive 
capacities of quartz and clay particles. 


INTRODUCTION 


The existence of potential differences in 
the surface of the earth has been known for 
some time, and their measurement has 
facilitated the discovery of geological dis- 
continuities such as ore bodies. The 
technique of measurement has been well 
established.!~$ 

In measurements in oil wells, it has been 
found that the potential of shales with 
respect to some arbitrary reference is very 
nearly constant in any one well, at least 
below the zone to which meteoric water 
has gained access. Sandstones and some 
other types of sedimentary rocks have a 
difference of potential with respect to shale 
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that is negative and may attain a value of 
200 millivolts or more. The difference of 
potential, as usually measured commer- 
cially with water in the hole, is distributed 
over about one foot vertically at the top 
and bottom contacts of the sandstones. 
The sharpness of the curve at the forma- 
tion contacts can be improved by using a 
short electrode that is close to the wall of 
the hole. 

These potentials generally have been 
ascribed to the disturbing effects of the 
water in the drill hole. Potentials have been 
found, however, in wells in which no water 
was present. In the course of experiments 
in electrical logging in Pennsylvania, car- 
ried out by the Pennsylvania Geological 
Survey, observations were made of several 
phenomena that hitherto have not been 
described, to the author’s knowledge, in 
the published literature. : 

The potential differences across the con- 
tacts of sandstone and shale are called in 
this paper ‘‘natural potentials,” as dis- 
tinguished from the potentials caused by 
electroendosmosis (electrofiltration) and 
concentration differences, which will be 
discussed subsequently. 


POTENTIALS IN CORED WELL 


In the spring of 1942, the author meas- 
ured the potentials in an exploratory well 
(Day 13, near Grand Valley, Pa.) which 
had been cored with diamond tools. The 
potentials were first measured with fresh 
water in the hole. A null balance poten- 
tiometer was used in this and all the other 
measurements described in this paper. One 
nonpolarizing porous pot electrode, con- 
taining copper sulphate solution and 
crystals surrounding a pure copper elec- 
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trode, was lowered into the well. Measure- 
ments were made every 0.5 ft. with 
reference toa similar electrode on the surface 
near the well. On another occasion a log 


Fic. 1.—WALL CONTACTOR. 


was made with a continuously recording 
instrument, but it does not show any more 
detail than the log made from readings at 
0.5-ft. intervals. 

The hole was then bailed dry, and 
allowed to stand for several days, after 
which the potentials were measured in the 
empty hole with an improvised wall con- 
tactor (Fig. 1). This was a contrivance con- 
sisting of three legs (like umbrella ribs), 
which were lowered collapsed, and on 
reaching the bottom were tripped, so that 
they came out rubbing against the walls 
of the hole. It was made of iron with 
brazed joints. The legs were sheathed in 
rubber, and actual contact with the wall 
was made with a lead ball attached to one 
of the legs. The results were not considered 
satisfactory, since the metal got wet and 


the contact potentials were high. They 
were, however, reasonably constant. Read- 
ings were taken every 0.1 ft. but occasion- 
ally the lead ball would lose contact with 
the wall of the hole and a reading would 
be lost. 

A comparison of the curves obtained 
with the hole empty and full of water is 
shown in Fig. 2. The empty-hole log shows 
a great deal more detail than the log with 
the hole full of water. This is to be ex- 
pected, since the 6-in. column of water 
would have a short-circuiting and smooth- 
ing effect on the potential differences, 
regardless of their origin. The difference of 
potential between the maxima and the 
minima is about 25 mv. in the empty hole 
and 60 mv. with the hole full of water. 
This difference is believed to be due to the 
absence of the solution concentration 
potentials in the empty hole. 

The section logged consisted of thinly 
interstratified hard quartzitic sandstones 
and shales. Some of the thicker sandstone 
beds contained oil, although not in com- 
mercial quantities. The curve in the empty 
hole was plotted on coordinate paper to 
1:1 scale, and laid out along the diamond 
core (Fig. 3). Although observations fre- 
quently were missed, most of the sand- 
stones (white or gray in the picture of the 
core) are matched by high negative values, 
while the shales (black) are rather con- 
stant. It seems likely that beds as thin as 
0.1 ft. may be detected in empty holes. 


MEASUREMENTS AT FRANKLIN SHAFT 


During the summer of 1942 a shaft was 
sunk about 425 ft. to the Venango First oil 
sand at Franklin, Pa. Detailed measure- 
ments were made of three short vertical 
sections near the top of the oil sand, about 


.2 ft. apart horizontally (Fig. 4). One 


nonpolarizing porous pot electrode was 
placed at the surface, and the other was 
touched to the rock, the potential differ- 
ence being measured with a potentiometer 
(Fig. 5). Referred to the surface electrode, 
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the shales had a potential of about minus 
60 mv., and the sandstones and con- 
glomerates about minus 90 my. The full 
drop of potential extended over less than 


: HOLE EMPTY 
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bed by 14 in. of shale. Even this thin bed 
showed a negative potential of 15 my. A 
curious drop of potential at the contact of 
conglomerate and underlying sandstone 
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Fic. 2.—COMPARISON OF POTENTIAL CURVES OBTAINED IN HOLE FULL 
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Fic. 3.—COMPARISON OF POTENTIAL LOG AND DIAMOND CORE, 


KS in., most of the gradient being concen- was noted, although no shale was observed 


trated within the sandstone. In the 
farthest right section of Fig. 4 there was a 
stray bed of conglomerate, }4 in. thick, 
separated from the main conglomerate 


at this point. 

A bed of sandstone above the oil sand, 
plotted in its proper position in the upper 
left corner of Fig. 4, contained darker 
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streaks of shaly sandstone running irregu- 
larly through it. The potential in the shaly 
beds was 5 to 10 mv. lower than in the 
pure sandstone. 


Fic. 5.—MEASURING POTENTIALS IN MINE 
SHAFT. 

Some weeks later another shale and 
conglomerate bed was encountered about 
30 ft. below the top of the sand. The 
potentials in this series were measured 
directly below the previous measurements. 
It happened that this point was near the 
outlet of the air pipe, and air had been 
blown over the face of the rock for about 
a week prior to the measurement. Small 
amounts of water had condensed on it and 
the shale had begun to slack and crumble. 
The potential differences between the sand 
and shale were less than 2 my. At a more 
recently exposed point in the same bed, 
about 20 ft. away horizontally, the poten- 
tials were quite sharp and had a value of 
about 20 mv. Fig. 6 is a photograph of this 
place, with the potentials plotted on the 
picture. 

Potential measurements were also taken 
at the base of the sand, but no difference 


in potential between the sand and the 
underlying shale was found. The lower 
part of the sand contained a good deal of 
salt water, which, at the time the measure- 


Fic. 6.—SHALE, CONGLOMERATE AND SAND- 
STONE IN FRANKLIN SHAFT, SHOWING OBSERVED 
ELECTRICAL POTENTIALS. 


ments were made, had been slowly seeping 
down over the face at the contact. It is 
considered probable that this salt water 
either short-circuited the potentials elec- 


‘trically or removed their cause chemically. 


After making the measurements in the 
mine, the movable electrode was touched 
to numerous chunks of sandstone and shale 
as they lay on the dump, some of which 
had been exposed to the atmosphere for 
several weeks. Each chunk had a definite 
potential. As a rule the sandstones were 
more negative, but occasionally one 
was found with a positive potential with 
reference to an adjoining shale chunk. 
Three samples were measured relatively 
to each other, both sandstone and con- 
glomerate being about 20 mv. positive 
with respect to the shale. After soaking in 
tap water separately for about a week, the 
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water being changed occasionally, the 
potentials were unchanged. 

Potential differences between sand and 
shale have also been noted by the author in 
fresh drill cores. There seems little doubt 
that the potential difference is a specific 
property of the rock and its contained elec- 
_ trolyte, although it may easily be changed 
_ by contact with different electrolytes. 


_- CONTACTS OF SANDSTONES AND SHALES 


From the foregoing observations the 
author is inclined to believe that potential 
discontinuities exist at the contacts of 
sandstones and shales, in subsurface strata 
that contain strong connate water. It is 
probable that in near-surface formations 


_ circulating meteoric waters have destroyed 


the uniform potential layers. If these 
potential discontinuities do exist per- 
manently, a new attack on the theory of 
surface resistivity measurements may be 
required. The presence of such permanent 
potential layers had been suspected previ- 
ous to the work described in this paper. 
Lee‘ in 1939 published certain observations 
that could be explained only on the basis of 
‘potential layers in the earth. Potential 
measurements in oil wells empty of water 
have been made for several years, although 
none of the results have been published, to 
the author’s knowledge. 

It is believed that potential observations 
in oil wells empty of water may have 
important practical significance in districts 
where great accuracy in the location of the 
tops and bottoms of formation is required. 
No satisfactory electrode has been con- 
structed as yet. The author believes that 
it will have to be of the nonpolarizing type, 
so constructed that a positive contact of 
- small area will be made against the wall 
of the hole at all times. 

It is not the intention to formulate here a 
hypothesis to account for the natural 
potential differences between sandstones 
and shales. “It seems probable, however, 
that the cause is related to selective 
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adsorption by the colloidal clay particles 
of the ions of the connate water contained 
in the sedimentary rocks. 

It is well known that most solids acquire 
a potential difference when immersed in a 
solution of an electrolyte. Certain sub- 
stances, among them kaolin, which is 
chemically similar to shale, strongly 
adsorb thé positive ion in preference to the 
negative ion of the electrolyte. It seems 
probable, therefore, that an electrolyte 
contained in the pores of a shale that is a 
strong polar adsorbent and has an enormous 
internal surface, might have a considerably 
different ionic composition from that con- 
tained in a sandstone. The phenomena 
involved are complex and probably would 
not be easy to study experimentally. 

The effects of electroendosmosis and 
solution-concentration potentials, to which 
the existence of earth potentials in oil 
wells is generally ascribed, unquestionably 
also exist, and they modify the natural 
potentials. 


SOLUTION-CONCENTRATION OR ‘‘CONCEN- 
TRATION-CELL”’? POTENTIALS 


When two solutions of the same salt, but 
of different concentrations, are placed in 
contact, a potential difference is formed at 
the interface. Equations have been derived 
to determine the electromotive force of the 
cell, which depends on the relative veloci- 
ties of the ions and the concentration of 
the solutions. The phenomenon is essen- 
tially transitory, since the solutions tend to 
diffuse; in fact, it is the diffusion that gives 
rise to the potential. This makes the poten- 
tial difficult to measure even in the 
laboratory. It appears to be impossible to 
predict the effect of this phenomenon in an 
oil well. It could be measured only by 
placing one electrode in the well and 
another back in the rock completely iso- 
lated electrically from the well, which 
manifestly is impossible. Therefore it is 
impossible to calculate the effect of the 
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solution concentration potential on the 
total potential measured. 

This source of potential is very im- 
portant in measurements of potentials in 
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Fic. 7.— POTENTIAL LOG OF WELL Day 13, 
SHOWING DETERIORATION OF AMPLITUDE AND 
DETAIL OF POTENTIALS AFTER FOUR DAYS WITH 
FRESH WATER STANDING IN HOLE, 


wells containing water. The magnitude of 
the potential difference between sandstone 
and shale in wells containing fresh water is 
much greater than that in wells containing 
salt water. Some of this diminution in 
magnitude may be due to a short-circuiting 


effect as the conductivity of the well water 
is increased. The potential differences are 
greater in wells containing fresh water than 


in empty holes. They did not exceed 30 mv. — 


in the author’s observations, while poten- 
tials of over 100 mv. are common in wells 
containing fresh water. 

Well Day 13 was filled with fresh water, 
then the potentials were measured every 
day for four days. They diminished notably 
both in amplitude and in the sharpness of 
their variations at lithologic changes 
during that period (Fig. 7). This deterio- 
ration may be due to: (1) removal by 
osmosis of the salts in the connate water, 
thereby decreasing the concentration cell 
potential, or (2) the removal of the cause 
of the natural potentials. Although this 
deterioration of the potentials as water was 
allowed to stand undisturbed on the 
formations has been observed frequently in 
Pennsylvania, it does not occur when the 
well is drilled with rotary tools and mud is 
continuously circulated past the rock. This 
mud forms a “filter cake,’’ which effec- 
tively prevents the entrance of fresh water 
into the sandstones. Although in no case 


was a potential difference found in wells in © 


which water had stood undisturbed for 
several months, an excellent log was ob- 
tained after cleaning out the Atlas well, 
near Grand Valley, Pa., that had been 
standing full of water for more than 70 
years. Apparently the motion of the 
water or the tools enables the sources of 
potential to exist. In spite of numerous 
attempts, the author has never been able 
to obtain a log of a well full of salt water 
from an upper horizon. 


ELECTROENDOSMOSIS OR 
ELECTROFILTRATION 


It was first observed by Reuss in 1807 
that a liquid will move across a porous 
diaphragm under the influence of a poten- 
tial difference. This phenomenon has been 
extensively studied since that time,’ and 
has been called endosmos:s or electro- 
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endosmosis. It has been found that under 
most circumstances when a solid is placed 


in contact with a liquid an electrically 


charged double layer is formed between 
the surface of the solid and the liquid. The 
introduction of an electrode on either side 
of a porous diaphragm that is negatively 
charged by this effect will induce a flow of 
liquid toward the cathode. Conversely, if 
the liquid is forced to move through the 


r ‘diaphragm by a pressure differential, an 


electromotive force will be produced. 
Equations to relate the velocity of move- 
ment to the constants of the system and 


_ the potential gradient have been derived, 


but it is very doubtful whether such equa- 
tions can be applied to the conditions in an 
oil well in order to determine how much of 
the total potential is due to electroendos- 


mosis. We are dealing not with a dia- 
_' phragm, but 


with -a massive porous 
stratum. It is impossible to place one elec- 
trode on one side and the other on the 
other side of this stratum 

In fresh-water strata, potential effects 
possibly due to electroendosmosis have 
been noted. In the Atlas well, mentioned 
above,® a near-surface sandstone that was 


' known to be discharging water into the 


well showed a potential that was positive 
with respect to the shales. In an experiment 
performed in 1937 near Bolivar, N. Y.,® 
it was found that in a sand that had been 
thoroughly flushed with fresh water a 
higher pressure on the water in the well 
caused an increased negative potential 
opposite the permeable sand stratum that 
was taking the water. The well had had 
fresh water injected into it for several 
months. Potential measurements were 
made at various pressures of water on the 
sand face, and the ratio of the pressure and 
the product of the sand thickness and 
potential difference in millivolts was linear. 

In the course of numerous experiments 
on normal wells containing oil-bearing and 


 salt-water-bearing sands, increasing the 


pressure of the water in the hole did not 
increase the potential differences. In 
Pennsylvania, a relation between the 
potentials of the sandstones and _ their 
permeability as determined by laboratory 
tests and the injection of gas has been 
noted,® but this relation is believed tu be 
due to the presence of more clay in the less 
permeable sandstones. Similarly, the differ- 
ences in potential observed in the Franklin 
shaft are believed to be caused entirely by 
the amount of shale in the rocks and not by 
their relative permeabilities. The perme- 
ability of a rock is determined by the 
average pore diameter and pattern, which 
is affected by both the size of the quartz 
grains and the amount of shaly material. 
The experiments described above suggest 
that the potential differences, as ordinarily 
measured, are determined mainly by the 
amount of shaly material. Therefore they 
tend to vary with the permeability, but 
are not a function of the actual permeability 
in millidarcys. It is believed that two sands 
of different grain size, and therefore 
permeability, will show the same potential 
if they are equally free from shaly material. 
Conversely, two sands of the same perme- 
ability but of different shale content, should 
have different potentials. 
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DISCUSSION 


A. C. Lane,* Cambridge, Mass.—This paper 
by Mr. Dickey suggests interesting observa- 
tions that may well be of practical importance. 
I entirely agree with his conclusions that 
natural “potential disconformities exist at the 
contacts of sandstones and shales in subsurface 
strata that contain strong connate water.” 
Indeed, that is shown by the way sandstone 
may be cemented either by pyritic deposits or 
carbonates just below its contact with shales. 
It is also true that the interstitial water itself 
differs in composition. Even “dry” shale and 
sandstone are not free from interstitial water, 
and the connate water may be affected by 


bentonitic alteration of volcanic ash or organic — 


changes such as lead to the reduction of sul- 
phates, but is not so likely to be affected by 
circulation. 

He does not happen to mention limestone, 
but limestone and shale also may react quite 
differently to such an indicator as, say, methyl 
orange. 


* Geologist. 
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Natural Potentials in Well Logging 


By W. D. Mounce* anp W. M. Rust, Jr.,t Memper A.1.M.E. 
(Dallas Meeting, May 1943) 


ABSTRACT 


THE almost universal acceptance of electrical 
logging by the petroleum industry calls for a 


Critical examination of the physical bases 
_ of the common methods. This is particularly 


needed for the natural potential log. The 


‘conventional explanations are based on the 


phenomena of electrofiltration and electro- 
osmosis. However, experimental data show that 
they fail to give a basis that is quantitatively 
sound. Moreover, they lead to interpretations 


_ of details of electrical logs that are erroneous. 
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It was found experimentally that when a 
plug of shale is placed in a chain of dissimilar 
electrolytes, a current flow results. Experiments 
on oil-well cores and fluids similar to those 
existing in wells show that potentials are set 
up which are in reasonable agreement with 
those encountered in electrical logging. Doubt- 
less other sources of potential are important 
but this explanation not only accounts for 
much of the potential but also clarifies some 
fairly familiar examples of misinterpretations. 


INTRODUCTION 


The extraordinary value of electrical 


well logging as a tool for petroleum 


st 


TAS Ke Oe 


4 
- 


engineers and geologists is now so uni- 
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versally recognized that it is not necessary 
to point out the ways in which it can be 
useful. It is sufficient to mention only the 
saving that has resulted from the elimina- 
tion of much coring that would have been 
necessary under former practices and the 
considerable additions to reserves resulting 
from the discovery of sands missed in 
coring. 

Paradoxically, the very remarkable suc- 
cess that has resulted from the application 
of electrical logging to correlation and 
completion problems has cost some of its 
most consistent users dearly.! The fact 
that some operators have placed unwar- 
ranted faith in erroneous interpretations 
of electrical logs does not reduce the value 
of the logs. It should, however, make one 
pause long enough to ask why experi- 
enced users should be misled. The answer 
to this question is not hard to find. In 
nearly every case, the fault has been over- 
simplification. This is illustrated very 
aptly by the familiar interpretation and 
theory of the natural potential log. 


RECORDING AND INTERPRETING Locs 


The natural potential log is extremely 
simple to record precisely enough for all 
present-day uses. One needs only an 
electrode, a cable to lower the electrode 
through the drilling mud, a recording 
meter and a surface ground connection. 
The electrode can be elaborate but need 
not be. A simple brass rod 2 in. in diameter 
and 2 or 3 in. long is quite satisfactory. 
The cable need not be particularly well in- 
sulated, nor need it have a very low resist- 
ance. The recorder can be a vacuum-tube 


1 References are at the end of the paper. 
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voltmeter, an automatic potentiometer 
or a sensitive photographically recording 
galvanometer, but it can be a conventional 


chart-type recorder. The surface ground* 


connection can be a stake driven into the 
ground, a clamp on the surface casing or an 
electrode placed in the slush pit. 

The customary interpretation is equally 
simple. In many areas, such as parts of the 
Texas Gulf Coast, where the well en- 
counters._a series of alternate strata of sand 
and shale, the potential log has a familiar 
form. It consists of a somewhat irregular 
base line from which there are occasional 
deflections of varying amplitudes, fre- 
quently with rather sharp sides and a fairly 
flat top. Very frequently, the “base line”’ 
is found opposite the shale sections and 
the deflections or “kicks” opposite the 
sand sections. The interpretation is, there- 
fore, that ‘“‘kicks indicate sands” and 
“sands are indicated by kicks.” Not 
infrequently, some kicks do not indicate 
sands. This is annoying and sometimes a 
little expensive but not serious and can be 
written off as one of nature’s minor 
vagaries. Some people may wonder why 
the kicks were there but the situation is 
not serious. It becomes serious only when 
it is discovered that a sand, an oil sand, 
was not indicated by a kick. 


THEORY 
Electrofiliration Potential 


The usual theory? is equally simple and 
is derived directly from the generalization 
that sands are somehow correlated with 
the potentials. The theory is twofold; 
that is, two concurrent causes are assigned 
to the potential, each adding its share to 
the observed total. The more popular 
explanation is ‘‘electrofiltration potential.” 
Electrochemists have long been aware® 
that when an electrolyte is forced through 
a permeable dielectric a difference of poten- 
tial is set up. This phenomenon has been 
studied extensively and the experimental 
data are public knowledge. The resulting 


potential is proportional to the pressure 
drop across the dielectric, the factor of 
proportionality depending upon the natures 
of the dielectric and the electrolyte. Since, 
for a given fluid and a given filter, the rate 
at which fluid flows through the filter is also 
proportional to the pressure drop across the 
filter, it follows that for a given electrolyte 
flowing through a given plug of a given 
dielectric, the potential due to electro- 
filtration is proportional to the rate of fluid 
flow. But for a given pressure drop, 
the rate of fluid flow is proportional to the 
permeability. ; 


From these two fairly exact statements, ~ 


it is possible by a simple non sequitur to 
derive the false conclusion that the poten- 


tial due to electrofiltration is proportional — 


to the permeability. Hence, if the natural 
potential log were principally the result of 
electrofiltration, it would be a permeability 
log; or, if only the electrofiltration poten- 


‘tial were affected by changes in pressure, it 


would be possible to determine the per- 
meability by making two logs at different 
pressures and observing the difference in 
the natural potential logs.* 

Actually, the properties of the filter, 
which chiefly determine its effect on the 
electrofiltration potential, are its chemical 
nature and the condition of its surface. Its 
permeability has little or no effect. Any 
correlation between the natural potential 
log and permeability is to be explained 
by the fact that some of the factors that 
affect the permeability of a sand also 
directly affect the potential, as will be 
illustrated later. However, the theory that 
the potential log somehow measures the 
permeability of the sand is still popular. 
For this reason, it seems advisable to include 
some additional discussion on this point. 
Very direct evidence is given by the poor 


correlation* between potential logs in oil 


*The classical example of the Bradford 
gas sand, Fig. 8 of ref. 4, is a log of a water- 
injection well where there is no filter cake on 
the face of the sand. Compare also Fig. 9 of 
this reference. 
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wells and measured permeability of cores.5 
A factor frequently overlooked in this con- 
nection is the comparison between the 
permeabilities of the sand and of the filter 
cake that is formed on the face of the sand 
by the drilling mud. It has been shown by 
experiments® that the permeability of the 
filter cake is from 100 to 10,000 times lower 
than the permeability of typical oil sands 
and almost entirely independent of the 


» permeability of the sand; consequently, the 


4 
“] 


_ Research Department, 


resultant effective permeability of the sand 
and filter cake is determined almost en- 
tirely by the filter cake. Thus, if the poten- 
tial log did measure permeability, it would 


be the permeability of the filter cake and 


not the unrelated and much greater per- 
meability of the sand. 
Even so, the permeability of the filter 


Cake is higher than the permeability of the 
‘shale, so that the natural potential might 


be due largely to electrofiltration and thus 
distinguish permeable sands from imper- 
meable sands, shales, or other materials, 
even though the permeability of the sand 
could not actually be determined. Two 
experiments can be cited on this point. One 
is a laboratory experiment;* the other, a 
field experiment. 

In the laboratory experiment, a cylin- 
drical core liner was placed in a radial 


_ filtration apparatus. The core was _filled 


with a typical drilling mud and pressures 
ranging from 2 to 16 atmospheres were 
applied. The potential difference was 
measured between the mud being filtered 


and the effluent filtrate stream. Typical 
results were 20 millivolts for a pressure 


difference of 200 lb. per sq. in. It is obvious 
that potentials of this order will not explain 
the potentials of 100 my. or more that 
normally are observed in logging wells. 


~ When it is realized that only a small frac- 


tion of the total electrofiltration potential 
will be represented by the drop in potential 


* Performed by M. Williams, Production 
Humble Oil and 


Refining Co., Houston, Texas. 
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in the drilling mud, the discrepancy be- 
comes even more striking. 

In the field experiment, an electrode was 
placed opposite a sand where a large potential 
difference was observed. Pressure was placed 
on the well by means of the mud pumps. 
A maximum additional pressure of over 
500 Ib. per sq. in. was applied. This raised 
the pressure drop from well to reservoir to 
approximately three times normal and yet 
the potential changed by only 25 per cent. 
Thus, even if electrofiltration potential 
were the only potential that changed with 
pressure, it would, in this case, have 
accounted for less than 15 per cent of the 
total potential observed. Actually, nearly 
all electrochemical potentials vary with 
pressure, so that it is likely that less than 
10 per cent of the observed potential 
resulted from the electrofiltration potential. 
It is then not surprising that the correlation 
between permeability and natural poten- 
tial is poor; nor is it too remarkable that a 
sand sometimes fails to make itself notice- 
able on the potential log. 


Electrochemical Potentials 


What causes the other 90 per cent or so 
of the potential? The orthodox answer? is 
simple. The second cause is said to be 
another even more familiar and more 
thoroughly studied phenomenon—electro- 
chemical potentials. Electrochemical poten- 
tials resulting from unlike metals in an 
electrolyte are everyday occurrences—in 
flashlight batteries, for example. Likewise, 
it is common knowledge that, when two 
different electrolytes are in contact, there 
is a difference in potential across the 
boundary. The electrolytes need not have 
different solutes; it is sufficient if the con- 
centrations are different in the two elec- 
trolytes. This is the case that is familiar in 
oil wells where there are fresh-water and 
salt-water sands differing substantially in 
concentration. In such a case, the potential 
is given by a simple formula: 


VE = k log Ci/C2 = k(log Ci = log C2) 
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where £ is the potential, & is a constant 
depending on the nature of the electrolyte 
and C,; and C2 the respective concentrations 
in the two electrolytes. It will be found 
that, for salts that commonly occur and for 
concentration differences that are reason- 
able, the potential is unlikely to be large 
enough to account for the potentials 
measured by the electrical logger. Except 
for this, it would seem that this is a reason- 
able explanation, although somewhat less 
satisfying than electrofiltration, since its 
connection with sands is less obvious. 


FALLACY 


Unfortunately, this simple theory has a 
fatal fallacy. The method used in logging is 
to move one electrode through the mud, 
which is considered to be a reasonably 
homogeneous electrolyte. The electrode 
does not cross the boundary from one 
electrolyte into another, so it can be 
affected by these potentials only indirectly. 
Ignoring inhomogeneities in the mud, the 
only way there can be a difference in poten- 
tial between two points in the mud is for a 
current to flow in the mud; for, since the 
mud is a conductor, current will flow be- 
tween points at different potentials. Thus, 
the various potential differences across the 
contacts between electrolytes must cause 
current to flow in the drilling mud if they 
are to affect the potential log. From the 
formula for the potential E due to differ- 
ences in concentration, it can readily be 
seen that the sum of such potentials around 
any path, beginning and ending in the same 
electrolyte, must be zero. Therefore, these 
potentials, contrary to the popular theory, 
have no effect on the log. In many other 
cases, where the two electrolytes have 
different solutes, a similar equation holds 
for the potentials, and it can be shown in a 
similar fashion that they have no effect 
on the potential log. 


CHAIN OF ELECTROLYTES 


It is known that under certain conditions 
current will flow in a chain of electrolytes. 
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The general conditions are not known. It 
is obvious, however, that, since energy is 
dissipated by the flow of current through 
materials that are not perfect conductors, 
energy must be supplied by some reaction 
occurring at or near some of the interfaces. 
In general, this will lead to a decrease in the 
potential with time. A lessening of poten- 
tial has been observed sometimes when the 
section of a well was rerun after a lapse of 
considerable time. 

While studying this problem, the senior 


author discovered one condition under ~ 


which current will flow in a chain of elec- 
trolytes. This particular condition is 
interesting because it is one that exists in 
wells and because it gives a qualitative and 
semiquantitative explanation of some ap- 
parently abnormal logs. For example, it 
explains how a zone of low potential may 
exist in the middle of a sand, which by the 
conventional interpretation would indicate 
a tight zone, where actual tests show that 


the permeability is about the same as in 


the remainder of the sand. 
This investigation was begun because of 


the suggestion, based on observation of — 


logs made with nonpolarizing electrodes, 


that the shale zones were the seat of the — 


phenomena largely responsible for the po- 
tentials measured in logging wells. A 
circular trough was divided into three 
sections by partitions of unglazed porcelain. 
These sections were then filled with three 
different electrolytes. Two carefully pre- 
pared nonpolarizing electrodes were placed 
in one of the sections. It was always found, 
in agreement with theory, that when the 
electrolytes differed only in concentration, 
the electrodes were at the same potential, 
demonstrating that no current was flowing. 
Similar results were obtained with many 
combinations of electrolytes. If clean sand 
cores were used as partitions, only small 
potentials were observed; but when shale 
was used for the partitions, quite large 


potentials were observed. Fig. 1a shows — 
a modification of this experiment. One 
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section is filled with shale. Section I is filled 
with fresh water. Section II is filled with 
salt water. The two sections are separated 
by a permeable membrane. Current flows 


illustrated. If the water in the sand is more 
saline than the mud, current will flow from 
the shale into the drilling mud. Fig. 1c 
illustrates the corresponding potential log. 


Potential 
-— + 


b Cc 


a 
Fic. 1.—ExPERIMENTS WITH COMBINATION OF ELECTROLYTES. 


in the direction from section I to section II. 
If both sections were filled with fresh or 
both with salt water of equal concentration, 


no current would flow. If section I were 


> a 


Fig. 1a shows that if the mud is more 
saline than the water in the sand, the 
direction of current flow will be reversed 
and as a result the potential log will be 


filled with salt water and section II were 
filled with fresh water, the direction of cur- 
rent flow would be reversed. In Fig. 1, the 


analogous situation as it exists in a well is 


Minutes 
Fic. 2.—RELATION BETWEEN TIME AND ELECTROMOTIVE FORCE. 


reversed. A case has been observed where 
ordinary tannate mud was replaced by 
silicate mud after the well had reached a 
considerable depth and after preliminary 
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electrical logs had been made. In this 
instance, the potential curve was com- 
pletely reversed when the hole was filled 
with silicate mud, giving a mirror image 


Sample Potentials in M.V. 
100 


Oo 50 150 200 250 


3.—COMPARISON OF SAMPLE AND LOG 
POTENTIALS. 


Fic. 


of the normal log. If in Fig. 1@ the shale 
section is replaced by clean sand, clean 
porous limestone, etc., no current will flow. 

In order to obtain quantitative data, 
equipment was built so that the potential 
difference between a salt-water solution 
and a fresh-water solution, separated by 
a core, could be measured with calomel 
half-cell electrodes. It was found that, 
when the core was a clean sand, the poten- 
tial difference was of the order of 5 mv.; 
whereas, with a shale core, the potential 
difference was 100 to 150 my. with 
the fresh water positive. It was interesting 
to notice that the potential was not con- 


stant. Fig. 2 shows a curve of the relation 
between time and electromotive force for 
one such sample. 

Fig. 3 shows a comparison of potentials 
measured for a series of cores with the 
electrical log made in the well from which 
the cores were obtained. When it is recalled 
that there will be some potential drop in 
the formation, the correspondence is rather 
striking. 

The mechanism of this phenomenon is 
not clearly understood, but it does appear 
to shed more light on the true basis of 
potential logging than do the older theories. 
This work suggests that when fresh-water 
drilling mud is used, the potential log may 
be largely a measure of the absence of 
argillaceous material in the formation. This 
conclusion is confirmed by the observation 
that large “kicks” are often found opposite 
beds of dense limestone and that most 
permeable beds that do not show ‘“‘kicks” 
are found to contain substantial amounts of 
shaly materials. 

The utility of natural potential logs is 
enhanced by the fortunate circumstance 
that in many areas the oil and gas-pro- 
ducing formations are strata consisting 
largely of sand lying between shale or clay 
bodies. As a result, kicks like that shown 
in Fig. 1c are obtained at the top and bot- 
tom of the producing formation. However, 
it is not unusual for the sand bodies to 
contain considerable admixtures of shale 
finely disseminated in some portions or 
throughout the sand. In such cases, the log 
may suggest the presence of a tight zone, 
which actually is nonexistent or may fail 
to give sharp indications of the boundaries. 
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DISCUSSION 


C. A. Herranp,* Golden, Colorado.—The 
authors of this article emphasize correctly that 
the almost universal acceptance of electrical 
logging by the petroleum industry calls for a 
critical examination of the physical bases of the 
common methods and that oversimplification 
of the processes involved has led to erroneous 
interpretations of electrical logs. With justifi- 
able enthusiasm for what they believe to be a 
hitherto undisclosed effect, they appear, how- 
ever, to have gone to the other extreme of 


“throwing out the wheat with the chaff. 


There are many cases described in the litera- 
ture and in company files where electrofiltra- 
tion and electrochemical effects are in the main, 
if not entirely, responsible for the recorded 
potentials. In my opinion, therefore, the 
authors’ contention that “the conventional ex- 
planation based on electrofiltration and electro- 
chemical phenomena fail to give a basis that is 
quantitatively sound,” and that “the simple 
(diffusion potential) theory has a fatal fallacy,” 
goes a little too far. 

In the. same vein, the authors take me to 
task for having given an ‘‘orthodox answer”’ 
to the question of the origin of electrochemical 
well potentials. Before refuting this statement, 
may I say that I do not consider myself an 
expert on electrical well logging, and did, in 
the section of my book? in question, confine my 
discussion to published accounts of theory and 
procedure. Most of this material has come from 
the Schlumberger organization, to whose work, 
incidentally, the authors have made no refer- 
ence in their article. 

My “orthodox” statement, on page 831 of 
my book,? reads as follows: “The theoretical 
potential difference... . is 11.6 logio p2/p1 
millivolts. However, because of an additional 
potential difference set up along the return 


* Professor of Geophysics, Colorado School 
of Mines. 


circuits at the points CB and C’B’,* respec- 
tively, the potential difference jis actually 
greater than for only one boundary. ... ” 
This is illustrated in the book by a figure taken 
from a Schlumberger publication,’ which is 
virtually identical with Fig. 1b in Messrs. 
Mounce and Rust’s article. 

In discussing the potentials observed in 
wells opposite a porous sand layer embedded 
between wo impervious argillaceous layers, 
Schlumberger and Leonardon have the follow- 
ing to say (p. 278 of ref. 7): “Laboratory ex- 
periments carried out by the authors... 
have shown that the electromotive forces at 
the contacts B and C generate a current which 
flows also in the direction ACBA, and conse- 
quently increase the difference of potential 
observed in the hole at the porous layer.” 

I am therefore of the opinion that the effect 
described by Messrs. Mounce and Rust was 
definitely recognized by Schlumberger and 
Leonardon more than ten years ago. 


G. E. Arcute.—Regarding the electrofiltra- 
tion component of the self-potential curve, I 
would like to list a few readings of increases in 
self (natural) potential opposite permeable 
layers due to added pressure on the mud 
column (Table 1). It will be seen the low values 
confirm those recorded by the authors. : 

The surveys in Table 1 were made with 
nonpolarizing, stable electrodes, necessary for 
measuring small changes in self potential 
accurately. Special precautions should always 
be taken to prevent drift of electrode potentials. 
In fact, if an unstable electrode is used, ‘‘kicks”’ 
that cannot be explained might be found on the 
log and the true self potential opposite a sand 
may be obliterated so that the log may be mis- 
leading. If one is to record a dependable and 
useful self potential, it is my experience that 
equipment and mud must be in first-class 
condition. 

* Point B is located at the interface of bore 
hole and shale and above the salt-water sand, 
point C at the interface of shale’and sand, and 
the points B’ and C’ are at the corresponding 
locations below the sand. Point A, referred to 


in the next paragraph, is on the interface of 
salt-water sand and bore hole filled with fresh 
water mud. 

7C. and M. Schlumberger and E. G. Leon- 
ardon: A New Contribution to Subsurface 
Studies by Means of Electrical Measurements 
in Drill Holes. Trans. A.I.M.E. (1934) 110, 
276. 
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Although the increase in self potential due 
to added pressure on the mud column is of 
restricted magnitude, it should not be said that 
the electrofiltration component will always be 
a small percentage of the total self potential 
in all wells. The electrofiltration component 
might be a large percentage of the total self 
potential when the mud filtrate has about the 


same dissolved salt content as the formation . 


water, because under those conditions the 
electrochemical component generally will be 
small. This consideration, together with the 
data given in the table, which indicate that the 
increases in self potential due to pressure vary 
considerably from well to well, makes it diffi- 
cult to say in general what percentage of the 
self potential is due to electrofiltration. 


to observe that Fig. 1b of Mounce and Rust is 
identical with Fig. 2 on page 276 in volume 110. 

The authors reason that since the sum of 
potentials due to the contact of electrolytes in 
a chain or a circle is nil when beginning and 
ending in the same electrolyte, a liquid-liquid - 
contact potential does not express itself on the 
self-potential log. If it is meant that the poten- 
tial of the contact of the fresh mud filtrate 
with the permeable salt-water bearing forma- 
tion is not registered on the log, I do not follow 
the authors’ reasoning for: (1) no complete cir- 
cuit of simple electrolytes exists in a well bore— 
the shale in the circuit (see Fig. 10) does not 
act like a simple electrolyte, as demonstrated 
in the paper under discussion as well as in 
volume rro; (2) in the current path shown in 


TABLE 1.—Self-potential Readings 


Location 


Magnolia Ark CLUS) sicsssre crn ietsiatienst te at eee 
Chapel Hall, Tex. (Se A sie gcrteecdon eh mate, cue ek aes reer 


Lee County, Tex. (LS)... 
Ward County, Tex. (LS). 


Old! Oceanis Tex (S) moe ce i te es ed ee EP it 
‘Wilsom Go.* Des (6d): -292-* yet ete ee tee ee ones 
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In the discussion of the electrochemical 
potentials the authors have not mentioned a 
paper published by the Institute in 1934.7 When 
referring to the electrochemical component of 
the self potential in a well bore, the constant K 
in the equation E = K log C;/C:2 is not simply 
a constant depending on the nature of the 
electrolytes C; and C2, but depends also on the 
nature of the two rocks in contact. Therefore 
the formula is not quite as simple as it might 
appear, and the evaluation of the constant K 
requires actual test with natural rocks. 

The text books referred to in the paper? as 
having stated that the contact of fresh mud 
filtrate with the salty formation water causes 
most of the electrochemical potential all refer 
to the original paper in volume t10 mentioned 
above, which states that the introduction of an 
impervious material will increase the electro- 
chemical potential and that a current will flow 
in a chain composed of shale, fresh water, and 
salt water. In this connection, it is interesting 


SP Mud Characteristics 
Increase, | Approximate 
Mv. per Permeabil- API 
100 Lb. ity, Md. Filt a Resistivity, 
per Sq. In. oe ©! Meter-ohms 
3-5 100 Die 3-9 
3.0 30 Approx. 40 2.5 @ 80°F. 
5.0 400 Approx. 25 I.7 @ 50°F. 
3.0 I.0 to 72 60 22k 
Res 200 ae) 2.4 @ 75°F. 
2.5 (loose sand) 25 5.2 @ 75°F. 
2.0 ? 15 2.9 @ 90°F. 


Fig. 1b the contact mud with salt-water sand is 
traversed and is not canceled by a similar but 
reversed contact; i.e., salt-water sand with mud 
contact. Therefore, the potential due to: the 
junction mud filtrate with salt-water-bearing 
formation in all probability affects the resultant 
value of this circuit. 

The statement that the potential log may be 
largely a measure of the absence of argillaceous © 
material is not borne out in practice. It is com- 
mon to find numerous dense limestones, 
anhydrite, lignite and other argillaceous free, 
impervious material in a single well in limestone 
provinces in which no self potential in relation — 
to the “shale line”’ is recorded. Also, it is not 
unusual to find no self potential opposite sand- 
stone not containing clay in the vicinity of 
piercement domes when secondary cementa- 
tion has filled the original pore space, making 
the sandstone impervious. It is my experience 
that where large “kicks” are found opposite 
limestones, which are considered dense because 


the horizon does not produce commercial 
quantities of fluid, representative cores analyzed 
in the laboratory show some trace of porosity 
__ and permeability. 


J. M. Bucper,* Houston, Texas.—I believe 
this paper will prove to be a classic. A review 
of the literature gives substance to this state- 
ment. The initial contribution’ was read in 
February 1933, and the present work is the 
first addition to the theory of potential logging 

since then. Mounce briefly indicated in 1940, in 
discussion of Zaba,! some trends of the work 
_ that has resulted in the present essential con- 
_ tribution, and this research precedes that 
reported by Dickey in two recent papers.’.? 
Researches such as these are far from com- 
pleted but already they are important in 
improved interpretation of logs. With re- 
sistivity logging, the initial contribution!" was 
read in 1932. A theoretical consideration™ of 
some effects of electrode spacing on logging 
values was contributed in 1936. A rigorous and 
comprehensive examination of resistivity log- 
ging with a point electrode and with trains of 
variously spaced electrodes is yet to be pub- 
lished. But first, the opinion should be ex- 
pressed that such fundamental work should 
precede detailed, limited researches of the 
type reported by Zinszer'? and Archie.'% 
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A. C. LANE, + Cambridge, Mass.—The paper 


*Baroid Sales Division, National Lead 
Company. 

8 PA. Dickey: Electrical Well Logging in the 
Eastern States. Penna. Topo. and Geol. Surv., 
Prog. Rept-129, Dec. 1942. 

9P, A. Dickey: This volume, page 39. 
~ 1C, and M. Schlumberger and E. G. 
Leonardon: Electrical Coring; a Method of 
Determining Bottom-hole Data by Electrical 
Measurements. Trans. A.I.M.E. (1934) 110, 
237. 
sii J. N. Hummel and O. Rulke: Apparent 
Specific Resistivity in Bore Holes. Beitrage zur 
angew. Geophysik (1936) 6, I. d 

12R, H. Zinszer: The Use of Electrode Spacing 
- in Well Logging. Trans. A.I.M.E. (1943) 151, 
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by Mounce and Rust emphasizes the fact that 
“there is more than one way of skinning a cat,” 
and that variations in potential may have more 
than one cause. The change from permeable to 
impermeable is so practically important, and 
also so important in producing potential differ- 
ences, as to tend to camouflage other factors. 


W. M. Rust, Jr. (author’s reply).—The 
authors are not familiar with the many cases 
in the literature referred to by Dr. Heiland, 
where the recorded potentials are in the main 
due to electrofiltration and electrochemical 
(when restricted to the simple diffusion poten- 
tial) effects. A compilation of these logs, to- 
gether with the evidence that the potentials 
are due only to these two effects, would be very 
interesting. 

The work of the Schlumberger organization 
was not referred to in this article because the 
listeners to whom it was presented were al- 
ready fully aware of the very important con- 
tributions of the Schlumberger organization to 
the art of electrical well logging. Both Dr. 
Heiland and Mr. Archie correctly point out the 
similarity between the experiments described 
in our paper and the Schlumberger experiments 
described in volume 110 of the TRANSACTIONS. 
The difference lies in the quantitative results 
and, consequently, in the practical importance 
ascribed to the phenomenon. 

Dr. Heiland italicized the words ‘‘addi- 
tional” and “greater” in his discussion but not 
in his book. Most users of potential logs have 
overlooked their significance. If, in the second 
edition which his book has so well earned, 
Dr. Heiland places a corresponding emphasis 
upon them, the authors will feel their work has 
been of real service to the industry. 

It should also be pointed out that the 
potential measured is not “the total electro- 
motive force E;” as stated on page 278 of the 
Schlumberger article, but only an unknown 
fraction of this electromotive force representing 
the potential drop due to the resulting current 
flowing through the resistance of the mud 
column. 


Chapter II. Production Engineering 
and Research 
Engineering Features of the Schuler Field and Unit Operation 


By H. H. Kaveter,* Memueper A.I.M.E. 


ABSTRACT 


A sumMMARY of the reservoir engineering and 
related geologic data on the Schuler field, Union 
County, Arkansas, is presented here in a man- 
ner intended to interest both technical and 
nontechnical readers. 

The Cotton Valley formation and the Reyn- 
olds odlite are oil-productive formations in 
the Schuler field, but the Jones sand pool, at a 
depth of 7500 ft., developed with 146 wells on 
20-acre spacing, is the reservoir of principal 
interest. 

The Jones sand sandstone reservoir is an 
anticlinal trap typically gas-drive or depletion 
type in performance. The core analyses from 
88 per cent of the wells drilled, together with 
drilling time and electric-log data, yield an 
accurate estimate of the “‘productive” sand 
thickness and its areal distribution over the 
pool. Accurate production statistics, monthly 
reservolr-pressure surveys, and bottom-hole 
sample analyses when correlated by the 
‘“‘material-balance equation” show unusually 
good agreement with that principle. Estimates 
of oil initially in place made by the material- 
balance method and the sand-volume method 
are in good agreement at 116 to 120 million 
barrels. The reservoir-pressure history of the 
pool reflects the reaction of a reservoir to 
production, proration and secondary-recovery 
practices. 

The cost of the extensive program of reservoir 
study in the Jones sand pool has been esti- 
mated, in order to emphasize the value derived 
from such an investment through better under- 
standing of a reservoir’s reaction to production 
practices. 


Manuscript received at the office of the 
Institute Jan. 21, 1943. Issued as T.P. 1605 in 
PETROLEUM TECHNOLOGY, July 1943. 

* Technical advisor to the Production Man- 
ager, Phillips Petroleum Co., Bartlesville, 
Oklahoma; Chairman, Shuler Unit Engineer- 
ing Committee. 
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Unit operation of 140 of the 146 Jones sand 
wells made possible an effective unitized gas- 
injection pressure-maintenance program. Res- 
ervoir-pressure decline was arrested, natural 
flow was maintained, and pumping and lease 
equipment were conserved. An increased ulti- 
mate recovery of 20 million barrels beyond the 
estimated 34 million barrels primary recovery 
is indicated at present. 

Extension of the Jones sand unit to include 
the undeveloped Cotton Valley formation ~ 
will permit additional recovery of otherwise 
uneconomic reserves of oil through wells no 
longer required in the Jones sand operations. 


INTRODUCTION 


The Schuler field comprises approximately 
4000 acres in and about sec. 18, T. 18 S., 
R. 17 W. in west central Union County, 
Arkansas. Three reservoirs are productive © 
of oil and gas: the Cotton Valley formation, 
the Jones sand, and the Reynolds odlite 
section of the Smackover limestone. The 
Jones sand pool is the most important reser- 
voir from an engineering viewpoint. It 
possesses the traditional and somewhat 
classic characteristics usually associated 
with an anticlinal trap. Development and 
operations have followed the dictates of 
advanced engineering practices. The pool 
has attracted attention because of the 
unusually detailed reservoir data obtained, 
its interesting production history, and the 
success of the unitized gas-injection pres- 
sure-maintenance operation now being 
carried out. 

The purpose of this paper is to present a 
summary of the engineering data relating 
to the field, with particular reference to the 
more interesting general applications of 
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such data to reservoir engineering phases 
of the Jones sand pool operations. The 
production history of the Jones sand reser- 
voir is extended enough to allow at least a 
partial evaluation of the application of 
reservoir data to certain conservation 
practices receiving the attention of the 
petroleum industry. 


EXPLORATION HISTORY 


The general stratigraphy of the Schuler 
field is shown by the generalized columnar 
section in Fig. 1. Unproductive wells were 
drilled as deep as 4385 ft. into the top of the 
Hosston Red Bed formation in the years 
1920 to 1930. Correlations made in the 
course of time definitely established the 
presence of a long southeasterly-plunging 
nose in the Gulf Series formations. 

Cotton Valley Production—In April 1937, 
the Lion Oil Refining Co. and the Phillips 
Petroleum Co. drilled the Morgan 1-A well 
in sec. 18, T. 18 S., R. 17 W. after a seismic 
investigation showed favorable structure in 
deep beds. Oil-productive sands (‘‘ Morgan 
sands”) were encountered at a depth of 
5536 ft. about 140 ft. below the top of the 
Cotton Valley formation. Subsequently, 14 
wells were drilled and produced from what 
proved to be very highly lenticular sand- 
stones scattered throughout the Cotton 
Valley formation. The total depth of these 
wells was not more than 6000 ft. Seven dry 
holes drilled in the course of this develop- 
ment indicated poor prospects of developing 
an economic reserve. 

Jones Sand Production—In July 1937, 
E. M. Jones et al. drilled Marine Oil Co. 
No. 1 well in the southeast quarter of sec. 
17, T. 18 S., R. 17 W. No production was 
found in the Morgan sand section or the 
remaining part of the Cotton Valley, but in 
drilling deeper, to test the Smackover lime- 
stone formation, a 48-ft. interval of satu- 
rated sandstone was found at 7553 to 
7601 ft. The well was completed at a total 
depth of 76r5 ft. as the discovery well of this 
sand—the “Jones sand.” ‘The initial 


potential test was 2500 bbl. per day with a 
small amount of water subsequently shut 
off by recementing. 

By July 1, 1940, this sandstone reservoir 
had been fully developed into a major 
pool with 146 producing wells on 20-acre 
drilling units. Only three dry holes were 
drilled. This low percentage of failures is 
testimony to the value derived from careful 
study of the complete reservoir data ob- 
tained in the course of drilling the Jones 
sand. 

Reynolds Oélite Production—After the 
discovery well of the Morgan sand had 
declined in productivity to the abandon- 
ment stage, it was drilled deeper to test 
the Smackover limestone formation. Al- 
though the Jones sand was present in this 
well, a completetion was made in the 
upper 50 ft. of the Reynolds odlite section 
of the Smackover formation, on Oct. 22, 
1937. The well produced gas distillate 
initially, and was later recompleted lower 
in the section as an oil well. In March 1938, 
an offset well was completed in the same 
horizon. By June 1938, the pool had been 
developed with 16 wells on 4o0-acre units. 


GEOLOGY 


The geology of the Schuler field has been 
presented in detail in an excellent recent 
paper by Weeks and Alexander.! Their work 
has been drawn upon freely for the geologic 
interpretations bearing upon this discussion. 

Cotton V alley.—In the development of the 
Jones sand pool, oil and gas-bearing sand- 
stone lenses were found throughout the 
Cotton Valley formation beyond the area 
and depth of the original “Morgan sand” — 
wells. These sandstones are fine to coarse- 
grained, interbedded in variegated shale. 
They have no structural character, and the 
petroleum accumulations are due entirely 
to shale enclosure of lenses, which vary 
greatly in thickness, areal extent, and 
petroleum content. Water-oil contacts 
vary widely. The same is true of the free-_ 


1 References are at the end of the paper. 
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gas content, and gas-oil contacts. A few of 
the lenses are low-content gas-distillate 
reservoirs. 

The average porosity of the sandstones 
is 16 per cent. The average specific permea- 
bilities are in the range of 500 to 1000 
millidarcys. 

In general, the Cotton Valley sandstones 
must be classified as uneconomic sources 
of petroleum at Schuler as far as their 
direct development is concerned. The pro- 
ductive lenses are difficult to find, and their 
aggregate thickness usually is not more 
than 30 ft. in wells drilled through the 
section to date. Productive lenses vary in 
thickness up to a maximum of 20 ft. 

Jones Sand.—The Schuler field lies within 
the southern limit of deposition of the 
Buckner red shale and anhydrite, which lies 
conformably above the Smackover lime- 
stone in other near-by areas of South 
Arkansas. Yet the Buckner formation is 
absent at Schuler, and the Jones sand at the 
base of the Cotton Valley is found im- 
mediately above the Smackover formation. 
Weeks and Alexander! are of the opinion 
that the Buckner was eroded away after 
being exposed by marked structural move- 
ment before Cotton Valley deposition. 
They also recognize the possibility of non- 
deposition, or that the Jones sand might be 
the Buckner equivalent at Schuler. 

The Jones sand is the shallowest map- 
pable horizon in the field showing marked 
structural closure. Fig. 2 shows the struc- 
tural contours on the top of the sandstone. 
The minimum closure is 90 ft. with at least 
135 ft. indicated. The angular sand grains 
of the sandstone vary in texture from fine to 
medium size. Toward the base and near the 
edge of the oil-saturated section, the sand- 
stone carries silt and asphaltic residues. In 
addition, a general thinning of the permea- 
ble section takes place toward the east and 
around the flank of the structure. These 
observations are important in that they 
suggest isolation of the petroleum-bearing 
section from a large water-bearing reser- 


voir, either by the limited areal extent 
of the reservoir itself or lack of permeability 
of the water-bearing sandstone. 

A small initial gas cap was found in the 
Jones sand, occupying about 2.9 per cent 
of the oil.and gas-saturated pore volume. 
The initial gas-oil contact was fixed at 
7270 ft. subsea and the water-oil contact 
varied slightly with an average depth of 
7370 to 7380 ft. subsea. 

Reynolds Oélite—The odlite zone of 
porosity in the upper part of the Smackover 
limestone formation is the deepest produc- 
ing section at Schuler. Dense cryptocrystal- 
line limestone forms a cap rock varying in- 
thickness from 2 to 3 ft. in the southeast 
to 15 ft. in the northwest area. The vari- 
able thickness of the cap rock topped 
by a veneer of gravel is evidence of 
an erosional truncation of the Smackover 
high, which may account for the absence 
of the Buckner formation and the resulting 
unconformity of the Smackover against the 
Jones sand and associated Cotton Valley 
formation (Fig. 1). j 

A structural contour map on top of the 
Reynolds porosity is shown in Fig. 3. The 
porous section consists of typical concen- 
trically grown spherical odlites ranging in 
size from fine to coarse. The porosity ranges 
up to 23 per cent, with an average near 
16.7 per cent. The specific permeability of 
the porous section shows wide variation, 
although within any stratum the horizontal 
and vertical permeabilities are nearly equal. 
Some strata have specific permeabilities as 
high as 15,000 millidarcys. The average for 
the section is about 1200 millidarcys. 

An initial gas cap was present, occupying 
about 2780 acre-feet of formation above 
the gas-oil contact at 73094 ft. subsea. The 
initially oil-saturated section above the 
water-oil contact at 7420 ft. subsea con- 
tained about 25,800 acre-feet. 

General.—A generalized cross section of 
the Jones sand and Reynolds odlite pre- 
pared by Weeks and Alexander! (Fig. 4) 
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summarizes structural relationships and 
several points of later interest. 


The Smackover limestone formation 


possesses two structural highs within the 


Xv 


tact of the productive high on the west. The 
thin cap rock over the Reynolds odlite in 
the east area leads to the speculation that 
in the remote past migration from the 


productive area of the Jones sand pool. 
But the secondary high to the east carried 
no oil or gas saturation even though the 
porous odlite lay above the water-oil con- 
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Fic. 3.—STRUCTURAL CONTOURS, TOP REYNOLDS OOLITE POROSITY, SCHULER FIELD. 


Smackover limestone into the Jones sand 
may have occurred. In fact, one well in this 
area encountered no detectable thickness 
of dense limestone above the odlite. The 
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asphaltic content of the Jones sandstone 
also suggests the occurrence of multiple 
accumulation in the past. 

Evidence against migration between the 
two pools rests on the fact that the reser- 
voir liquid in the Jones sand pool is quite 
different in composition from that in the 
limestone, and shows no detectable varia- 
tion across the pool. The Reynolds gas 
contains about 1500 grains of hydrogen 
sulphide, while Jones gas contains 1o to 
350 grains, the higher content being found 
on the east side of the pool. Any connection 
between the reservoirs that may have 
existed in the past is not now effective 
enough to influence the behavior of the 
Jones pool under production. 

The oil and gas in the Cotton Valley 
formation differ from those in either the 
Jones sand or Reynolds formations. No 
hydrogen sulphide is present. The oil is of 
higher gravity and differs in hydrocarbon 
composition sufficiently to suggest a source 
different from that of the petroleum in the 
two lower horizons. 


Propuction History oF COTTON VALLEY 
FORMATION 


Drilling for Cotton Valley production 
ceased after the initial completion of 14 
producing wells and 7 dry holes. Of these 
14 original wells, 13 were still producing on 
Jan. 1, 1943. Their accumulated production 
was 2,509,000 bbl. The oil produced is in the 
range of 40° to 43° A.P.I. 

Initial reservoir pressures in the lenticular 
sandstones are normal for their depth. The 
flowing life of the wells depends upon the 
volume of free gas as well as upon the vol- 
ume of water encountered, but in general it 
is relatively short. 

The prospects for increasing ultimate 
recovery from the Cotton Valley formation 
were enhanced by an amendment, effec- 
tive Jan. 7, 1942, enlarging the Jones sand 
unit to include all of the Cotton Valley 
formation within the unitized area except 
the parts held by production from the 


original 14 wells. As a consequence, the 
Shuler unit may now use Jones sand wells 
permanently or temporarily plugged back 
to produce Cotton Valley oil, and a sub- 
stantial volume of otherwise unrecoverable 
oil will be recovered in that manner. 

Seven Jones sand wells have been re- 
completed to Cotton Valley wells in the 
Jones sand unit since Jan. 7, 1942. Their 
accumulated production to Jan. 1, 1043, 
was about 200,000 barrels. 


PRODUCTION HISTORY OF THE REYNOLDS 
OOLITE 


The production history of the Reynolds 
odlite at Schuler is typical of the Smackover 
lime production in South Arkansas. Reser- 
voir pressure has been maintained by very 
active water encroachment. The encroach- 
ment into the relatively small reservoir 
has been quite regular in spite of the large 
variation in specific permeability in the 
section. 

The initial static reservoir pressure was 
3530 lb. per sq. in. gauge at 7300 ft. subsea. 
The reservoir temperature is 200°F. The 
reservoir-volume factor was 1.56 under 
initial conditions. The original solution gas 
was 930 cu. ft. per barrel of residual oil 
measured by differential vaporization at 
200°F, 

The initial gas cap and water encroach- 
ment led to long flowing life. Wells con- 
tinue to flow their allowable with as much 
as 75 per cent water production. The 
producing gas-oil ratios have remained low, 
ie., in the range 800 to rsoo cu. ft. per 
barrel. The allowable production has been 
150 bbl. per day to 4o-acre units over most 
of the prorated period and is assigned on 
an ‘“‘acre-pounds”’ basis. 

Approximately 13 to 15 million barrels of 
pipe-line oil were initially in place in the 
Schuler Reynolds odlite. On Jan. 1, 1943, 
the accumulated production was 4,012,-. 
ooo bbl. The static reservoir pressure at 
that time was 3353 lb. per sq. in., gauge at 
7300 ft. subsea. Fifteen wells are still 
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producing although the edge wells are now 
making high percentages of water and are 
near depletion. The stock-tank oil is 36° 
to 38° A.P.I. gravity. 


CHARACTERISTICS OF JONES SAND 
FORMATION 


Core-analysis Data 


In oil-field parlance, the Jones sand sand- 
stone might be classified as a “good” oil 
sand. The angular sand grains vary in 
texture from fine to medium size. The 
weighted average porosity is 20.2 per cent. 
The weighted average specific permeability 
is about 400 millidarcys in the range of 
zero to 4000 millidarcys. 

The Jones sand has been studied exhaus- 
tively by the coring technique. The highly 
lenticular character of the Cotton Valley 
sandstones first developed in the field 
required very close supervision of the drill- 
ing operation and the use of every device 
to determine stratigraphy and the presence 
of productive sections. As a consequence, a 
well organized program of measuring drill- 
ing time, examining cuttings, and coring 
and core analyses was developed. That 
detailed program was continued in drilling 
the Jones sand pool. 

In all,-165 wells have been drilled into 
the Jones sand, of which 146 were Jones 
wells, 3 were dry holes, and 16 were Reyn- 
olds odlite wells. All but three of these were 
drilled through the Jones sand into the 
limestone below, according to the practice 
of setting casing into the limestone to 
provide a good casing seat. 

Cores were cut in the Jones sand in 146 
wells, 88 per cent of the total drilled into 
that formation, and the entire section 
was cored in 136 wells (82 per cent.) The 
sandstone core-drilled amounted to 9827 ft. 
and the total recovery was of 8292 ft. (84 
per cent). The cores were analyzed and 
studied in a field or near-by laboratory, 
with very close cooperation between the 
geologists and core analysts of the several 


companies. Subsurface electric logs were 
run in 162 wells and drilling-time logs were 
kept on nearly all wells, and, when neces- 
sary, the properties of unrecovered cores 
could be estimated from these records. 

The core data have proved to be ex- 
tremely useful in well completion, produc- 
tion control, reservoir engineering study, 
and in guiding the gas-injection operation 
now being carried on. The value of the core- 
analysis data is greatly enhanced by the 
completeness of the records, since they 
cover the entire area of the reservoir 
Deductions based upon core-analysis data 
are often criticized on the premise that 
rock recovered from a well bore cannot 
represent the average character of the 
surrounding reservoir. Such a contention 
fails when the reservoir is sampled at as 
many points as it was in developing the 
Jones sand. 

Fig. 5 was prepared by Weeks and 
Alexander! to show a typical section in 
both the Jones and Reynolds formations. 
The drilling-time logs correlated unusually 
well from location to location and proved 
to be extremely useful in locating tops of 
porosity and coring points. The irregulari- 
ties in the electric-log curves are very 
rough qualitative indices of the presence of 
strata of low permeability but only the 
actual core-analysis data provide useful 
information on the permeability, porosity, 
and saturation. 

Figs. 6, 7 and 8 are additional coregraphs 
intended to show other representative 
sections of the Jones sand. The specific 
permeability profile is of particular inter- 
est. A wide variation exists in specific 
permeability. This is true for the thicker 
sandstone as well as for the thinner section 
shown in Fig. 8, representative of the silt- 
bearing and asphalt-bearing section on the 
east. The permeable strata are not cor- 
relative between locations or across the 
pool. One might conclude that the local 
inhomogeneities are so distributed as to 
yield over all 2 more or less homogeneous 
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sand as far as response to a gas-drive 
production process is concerned. The degree 
of shading in Fig. 4 is intended to give a 


data are summarized in Table 1. Solubility- 
shrinkage curves were determined by dif- 


ferential vaporization at 198°F., the 


qualitative index of the distribution of . reservoir temperature, and are given by the 
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permeable sand based on the results of core 
analyses along one cross section. The darker 
shading corresponds to higher specific 
permeability except for the solid black, 
which represents asphaltic residues. 

The extensive core data permit an ex- 
ceptionally accurate estimate of the thick: 
ness of permeable saturated sand in the 
wells, and from this an accurate estimate 
of the oil in place in the pool and its distri- 
bution between areas of the pool that 
provides a basis for understanding the 
behavior of the Jones reservoir pressure. 


Bottom-hole Sample Data 


A bottom-hole sample of reservoir liquid 
from the Jones sand was taken on Dec. 11, 
1937, from Unit Well No. 48. The-hydro- 
carbon analysis of that sample with related 


solid curves of Fig. 9. These results are 
expressed on a residual oil basis. 


TABLE 1.—Analysis of Reservoir Liquid, 


Jones Sand Pool, Schuler, Arkansas 
COMPONENT Mot PER CENT 
8 


arbon dioxdevc.. .. asin 0.80 
Nitrogen. 2. .; Jon eee aoe ee I.00 
Methane. 2 ol oy ee eee 42.85 
Pthanei.c...6 ose oc eee 6.60 
Propandyorer nc oat. cee 4.10 
Butanes >. Kee ook eee 3.64 
Pentanes:;.. Seen ae 3.10 
Hexaries wes ook 3 0a ee 3.83 
Heptanes-plus. . f. jdecoss seek 34.08 

Molecular weight, heptanes-plus = 243 
Specific gravity, heptanes-plus = 0.87590 
Formation temperature, deg. F. = 108 


= 3379 
Observed saturation pressure, lb. per sq. in. = 3230 


Samples of reservoir liquid were taken by 
two independent groups in November and 
December 1941, respectively, from Unit 
Well No. 42. These were analyzed, with 
almost identical results, to yield the 


solubility-shrinkage data shown by the 
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dotted curves in Fig. 9. The observed 


_ difference between the two samples is about 


to per cent in the higher pressure range. 
The difference might be due to an error in 


fel 


process as carried out in the laboratory ” 
determination. This is quite likely, but 
additional data must be obtained to permit 
a conclusion. 


FORMATION VOLUME FACTOR 


ei 
eee | 


Ve fe w 
re) 

& 

Ea 

Py 

eae 
Ww 

a 

Or) 

o 

= 

ie 
a 

=) 

yn 

Yn 

ray 

a 

a 


z 
i 
Peas 


—— 


6 7 
RESIDUAL OIL AT 60F 


Fic. 9.—SOLUBILITY-SHRINKAGE DATA, JONES SAND POOL. 


the analysis of the original sample. It 
could hardly have arisen from the effects 
produced by the dry gas injected before the 
second sample was taken. On the other 
hand, the difference might indicate that 
change in composition of reservoir liquid 
in response to decline in reservoir pressure 
does not follow the differential vaporization 


The stock-tank liquid produced from the 
Jones sand is in the range 32° to 34° A.P.I. 


PRORATION HIsToRY OF JONES SAND 


The Jones sand pool was produced with- 
out formal regulation from discovery in 
September 1937 to Jan. 1, 1938. The 
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maximum number of wells was eight, and 
they were produced at an average rate of 
10a0 to 1300 bbl. per day. 

On Jan. 1, 1938, operators agreed to 


allowable by assigning 95.7564 per cent to © 
the unitized area and 4.2436 per cent to the 
two tracts outside the Unit. After gas- 
injection operations were initiated in the 
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Fic. 10.—RESERVOIR-PRESSURE SURVEY, FEB. 22, 1938. 


voluntary allocation of the market demand. 
The formula adopted employed “acres plus 
reservoir pressure,” with distribution of 
allowable placed under supervision of the 
then recently created Arkansas Oil and 
Gas Commission. In that month, 10 wells 
were assigned a 20-acre unit allowable of 
400 bbl. per day. 

On Apr. 1, 1939, the Arkansas Oil and 
Gas Commission, empowered under Legis- 
lative Act No. 105 effective Jan. 1, 1939, 
fixed the allocation formula on an “acre- 
pounds” basis. In that month, 126 wells 
were producing the 15,000 bbl. per day 
allowable to the pool and the allowable 
to 20-acre units was in the range of g5 to 
128 bbl. per day. 

The pool allowable was reduced to 13,- 
500 bbl. per day in October 1940. 

The allocation to drilling units was sub- 
ject to a limiting permissible gas-oil ratio 
of 2500 cu. ft. per barrel up to this time. 

When the Jones sand pool was unitized 
on Feb. 15, 1041, except for two tracts 
having six of the 146- Jones wells, the 
method of allocating production was 
changed. The Arkansas Oil and Gas Com- 
mission, by an order effective in April roq4r, 
fixed the basic distribution of Jones sand 


Unit area on July 1, 1941, the basic allow- 
able distribution was modified to include 
a “net volumetric withdrawal’ factor. The 
basic allocation is thereby adjusted each 
month to account properly for the “net” 
gas produced on the respective allocation 
units. This formula is currently in use. 

The allowable for the Jones sand pool was 
decreased in April 1942, from 13,500 bbl. 
to the current allowable of 12,000 bbl. per 
day. - 


RESERVOIR-PRESSURE HISTORY OF JONES 
SAND Poot 


The reservoir-pressure history of the 
Jones sand pool is one of the most interest- 
ing features of the reservoir’s performance. 
It is an interesting and instructive index of 
the reaction of a pool to proration, produc- 
tion and conservation practices. Reservoir- 
pressure surveys have been made every 
month with few exceptions from discovery 
to June 1942, when bimonthly surveys were 
begun. Fifteen to 20 key wells, with wells 
in the immediate area also closed in for a 
period of at least 24 hr., were used in each 
survey. 

The initial static reservoir pressure was 
3520 lb. per sq. in. gauge at 7300 ft. subsea. 
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As early as February 1938, the reservoir- 
pressure survey, as shown in Fig. to, re- 
vealed a well-defined reservoir-pressure 
gradient. The lower pressure in the eastern 
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on Feb. 15, 1943, the pressures were as 


_ shown by Fig. r2. 


These examples are representative of the 
reservolr-pressure history in the period 


Fic. 12.—RESERVOIR-PRESSURE SURVEY, FEB. 15, 1941. 


area about the discovery well, with increas- 
ing pressure toward the west, continued 
thereafter to be an important feature of the 
pool’s behavior. By the time the one 
hundred and forty-sixth producing well was 
completed in July 1940, the reservoir pres- 
sure map appeared as shown by Fig. 11. 
By the time the Jones sand unit was formed 


from 1937 to 1041 before unitization. The 
maximum differential between east and 
west existed early in 1939 and was about 
800 Ib. per sq. in. Several factors contrib- 
uted to the development and maintenance 
of the reservoir-pressure differential. In 
general, it may be said that accumulated 
withdrawals from respective areas of the 
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pool were not proportional to recoverable 
oil initially in place, while, at the same time, 
the rate of such withdrawals exceeded the 
_ rate of areal migration of fluids through the 
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east to west. This pressure condition sug- 
gested flow through a linear channel more 
or less the general shape of the pool in the 
direction of the gradient. 


FIG. 13.—RESERVOIR-PRESSURE SURVEY, JULY 25, 1941. 
A plus sign indicates an injection well; a minus sign, a producing well. 


sandstone. The pool was discovered in 
the relatively thin sandstone section in the 
east, and early development centered there. 
In addition, the allocation of production 
was based upon factors that did not fully 
weigh, relatively, the quantities of recover- 
able oil and gas in place under respective 
drilling units. A third factor was the 
proportionately greater volumetric with- 
drawal per barrel of oil produced from 
the east area. It is a fact, and one rather 
expected from laboratory studies of poly- 
phase flow, that producing gas-oil ratios of 
Jones wells were correlative with the inverse 
of the average specific permeability of the 
sandstone exposed. Wells in the eastern 
area generally showed higher ratios, which 
increased rapidly with accumulated pro- 
duction. The resultant higher volumetric 
withdrawals contributed in large measure 
to the reservoir-pressure gradient. 

One feature of the east-west gradient was 
its uniformity. In late 1940, the gradient 
was uniform at 4 lb. per sq. in. per 100 
lin. ft. over three fourths the distance from 


Up to Feb. 15, 1941, the average static 
pressure of the Jones pool declined in a 
fairly regular manner with accumulated 
production. The trend was toward an ac- 
celerated pressure decline due to rapidly 
increasing average gas-oil ratios in the pool, 
caused by the increasingly high ratios of 
wells in the low-pressure east area. The 
formation of the Jones sand unit enabled 
the 12 member operators to take steps to 


‘arrest the decline in reservoir pressure. 


Wells with high producing gas-oil ratios 
were shut in, and the unit allowable was 
produced from the most efficient wells in 
the unit. This step in itself was highly 
effective in reducing the rate of pressure 
decline. The next effective step was to 
institute a gas-injection pressure-main- 
tenance program designed to return to the 
reservoir go per cent of the gas produced. 
Gas injection was begun in July roq1. 
The reservoir-pressure map for that month 
is shown in Fig. 13. Significant changes over 
the short period of gas conservation initi- 
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ated in February 1941 were already evident. vey of December 1041, shown in Fig. 14. 
The pressure difference from east to west The reservoir-pressure survey of November 
was reduced from 545 to 102 lb. per sq. in. 1942 (Fig. 15) can be interpreted generally 
in that time. The locations of the injection from the discussion to follow. 
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Fic. 15.—RESERVOIR-PRESSURE SURVEY, Nov. 28, 1942. 
PRopUCTION STATISTICS, JONES SAND 


wells and the wells used to obtain produc- 
tion in July 1941 are shown in Fig. 13. The accumulated production and fey, 

The quick response of the reservoir pres- —_ yoir-pressure statistics for the Jones san 
sure to both the gas-injection operation and pool are summarized in eas Bees 
the production of only the lower ratio wells data are represented Stace e ee _ 
is evident from the reservoir-pressure sur- solid curves of Fig. 16, whic 
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points in the preceding discussion and relate 
to the dotted curves of the figure in a man- 


ner to be discussed. 


allowable could be taken from low-ratio 
wells. The several large reductions in pro- 
ducing gas-oil ratio accomplished after gas 


TABLE 2.—Production Statistics, Jones Sand Pool, Schuler Field, Arkansas 


Average Reservoir| Average Gas-oil Ratio, Cu. 


2 Ft. Bol. 
Pressure per Cum. Cumu- 
ate ated 
End of Month Achat Salt Oil, n 
Areal Volu- ore Net for | lated ‘ae : si 
metric | p a oa Period | Net Pro- . 
duced 
i. 
SOD by ti ira aetevetere apiieve, at eta souns 3,548 3,548 750 Same 750 ° fe} 
1038 
ERE eo omosocencocnenone- 3,459 3,448 850 Same 820 0.476 92.83 
PNioh gt ee ee Sees Cue a 3,283 3,303 920 880 1.743 | 132.49 
ULL; Mo satorss shtvorete sheer 3,148 3,153 990 917 2.818 | 125.41 
i iad Sci loreptete wre whee nar 2,808 2,938 I,020 966 4.653 | 123.52 
JANUALY:s 25 s<. vis mca torte 2,790 2,813 I,000 974 6.030 
Viale doceonoce po OeL Rae 2,628 2,678 1,180 999 7 700 rand 
Guill yiones pane eoeioeas oe 2,468 2,533 1,420 1,054 8.751 120.72 
Less mtusseashey cnet naMadehahs Boteges ome 2,408 2,453 I,510 1,108 9.873 | 125.41 
UPR NAS acoso aoslags a 2,265 2,318 1,660 1,170 11.259 | 124.05 
ADIL 3. arenes) east aoe eel 2,109 2,153 1,920 1,239 12.619 | 118.52 
BC eee a Ae Se aa 1,910 1,978 2,220 1,331 13.998 II4.14 
ise EL tee We ite ten facie 1,753 1,818 2,480 1,422 15.321 | 111.63 
PANUALY A nines cists a geepere ei 1,598 1,658 2,710 1,509 16.552 
Mebruary, i. access: 1,593 1,625 ee 11523 PSs aoe ke 
Nar Chri ietsiaitee areata 1,597 1,635 L.AT4 1,520 
Aprile corer aie tes 1,578 1,603 1.458 bak ore SS Rey 
WEB Y staa faye scree nem oe ree one 1,568 1,588 1,506 Same 1,520 18.177 112.60 
JAUN GR aera oheen, ache nye sae thc aed 1,544 1,565 1,712 Game 1.524 145 |-18. ste ies ee 
aptly Actas acc renen eee einai eee ie 1,528 1,542 1.834 O55 aia son hae ee 3-2 
AA OUST cia c.cree ee teianatcke eaetenetoine I,510 1,533 E733 320 1,486 201 10. 36 12.65 
September. az,cerics aie areas 1,518 1,530 1,656 236 1,461 266 as 113.04 
Octoberceen tase cee 2 ; 19.830 | 113.15 
1,523 1,534 1,687 238 1,435 386 | 20 
Hoventbes Jer gve mckenep ee 1,526 1,534 1,740 183 LAIr 386 anes as 
spate: Os iorebally sis) aieicie ene etter 1,520 1,528 1,736 200 1,387 386 | 21.068 | 115.10 
January hon yon epoca tro ps ESET 1,524 1,769 278 
EDEUATY eters weer myers arate 1,515 1,521 1,965 BoA A es oe 115.46 
fae Stn 6 PES OEE Oca se 1,515 1,521 2,052 249 1328 386 ares eee 
saa e’atetalrayatecanetateger ctleice she? aig Tet < c 
May ts a Nee Pe eee aaa 1,521 1,600 231 1,310 706 | 22.619 | 117.36 
LENG che jmrral alepaitss «ene. ataiGueie ahem <0 
WY rotseg aster atinta arid ouctee aie 
PANS Uicccirarciare aenincits cere 
September vcav acta cae eee 
Octobeta.. .i2s gees Sean aoe 
INovembesste.c + acme eee 
Decembers.;.<ki ktatswrenlen ¢ 


* Reservoir pressure, 
section. 


pounds per square inch absolute at 7340 ft. subsea, the average depth of oil- 


saturated 


> Does not include water produced outside unitized area. 


The substantial reduction in producing 
gas-oil ratio, and resultant conservation of 
reservoir pressure even before gas injection 
was begun, was immediately accomplished 
by producing only the most efficient wells in 
the unit. The reduction in pool allowable 
from 13,500 to 12,000 bbl. per day was also 
a factor, in that a greater portion of the 


injection was begun resulted from installing 


_ gas-lift equipment in four wells in the west 


area of the pool. 


One real measure of the success of unit 
operation is apparent from F ig. 16. By 
Jan. 1, 1943, the accumulated oil production 
was about 25 million barrels, or approxi- 
mately 21 per cent of the initial oil in place. 
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And yet, over-all, the producing gas-oil 
ratio for the pool was only about 2400 cu. ft. 
per barrel, or 85 per cent of the producing 
ratio of Feb. 15, 1941, when but 16.5 mil- 
lion barrels had been recovered. The re- 
covery of 8.5 million barrels under the unit 
secondary program was accomplished with 
a pressure decline of only 125 lb. per sq. in., 
whereas a decline of about 800 lb. per sq. in. 
would have been expected under continu- 
ation of primary operations. 


UNITIZED OPERATION OF JONES SAND POOL 


The Jones sand unit was formed Feb. 17, 
1941, and provided for the respective con- 
solidation of the royalty and working inter- 
ests in all but two leases having six of the 


146 wells in the Jones pool. The Lion Oil 


Refining Co., El Dorado, Ark., was elected 
Unit operator subject to a Unit Operating 
Committee representing the 12 owners of 
working interest. Many improvements in 
operating practices and steps to increase 
the efficiency of the oil-recovery operation 
were possible under unit management. 
The pool average producing gas-oil ratio 
was greatly decreased, a gas-injection 
pressure-maintenance program was begun, 
natural flow of producing wells was main- 
tained, physical equipment was conserved 
and salvaged, and operating economies were 
effected. 

Immediately upon formation of the Jones 
unit, the average producing gas-oil ratio 
of the pool was reduced from 2800 to less 
than 1500 cu. ft. per barrel, by the simple 
expedient of producing only the most effi- 
cient wells. Each month the unit allowable 
has been produced from less than 50 of the 
140 unit wells. This continues to be one of 
the most effective measures in conserving 
reservoir gas and reservoir withdrawals. 
The unit wells used for production lie, for 
the most part, in the western half of the 
pool, where oil potentials are still high 
and the producing gas-oil ratios of many 
wells are as low as 500 to tooo cu. ft. per 
barrel. The greater thickness and average 


specific permeability of the sandstone in the 
western area account in part for the con- 
tinued high productivity of these wells, but 
a more important factor is the relatively 
greater remaining recoverable oil saturation. 

Guide lines have been drawn on Figs. 15 
and 17 perpendicular to the principal axis 
of the pool, to divide the pool into four 
areas of equal saturated productive sand 
volume. The history of accumulated oil 
production of these four areas is summarized 
in Table 3. The disproportionate withdraw- 


TABLE 3.—Accumulated Oil Production, 
Areas of Equal Saturated Sand Volume, 
Jones Sand Pool 


Oil Production, Thousands 
of Barrels 
Period 

Area | Area | Area | Area 

I II Ill Vi 

9-17-37 to 2-I4-4I..... 5,980 | 4,833 | 3,228 | 2,711 
2-14-41 to I-I-42...... 353 | 1,045 | 1,108 | 1,826 
I-I-42 to I0-I-42...... 402 787 850 | 1,334 
9-17-37 to I0-I-42..... 6,734 -| 6,666 | 5,196 | 5,871 
Surface area, acres... .| 1,460 836 706 908 


als from the four areas were the result of 
the manner in which the pool was developed 
by drilling, and also the distribution of 
allowable under the allocation formulas em- 
ployed. The disproportionate withdrawals 
also created the reservoir-pressure gradient. 
Even though the practice of producing only 
the most efficient wells has concentrated 
withdrawals in the higher-pressure area 
IV, the accumulated withdrawals as be- 
tween the areas of equal productive sand | 
volume are not yet in balance. One may 
note that the relatively small current rate 
of production from Area I is still great 
enough to maintain the low reservoir pres- 
sure in that area. This reflects the influence 
of high producing gas-oil ratios, and con- 
sequently larger volumetric withdrawal per 
barrel produced. 

The Jones sand pool was on the verge 
of entering the artificial-lift stage at the 
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time the unit was formed. In fact, the pros- 
pects of having to pump the 7500-ft. 
reservoir was one of the important elements 
leading to the unitization. Maintenance of 
reservoir pressure by gas conservation and 
by gas injection has maintained the flowing 
life of the wells and the flowing oil potential. 
Gas lift has been installed on only four 


unit wells to date. In this way, four high- 


‘ 
¥ 


potential wells in area IV that ceased to 
flow because of low gas-oil ratio with too 
low reservoir pressure have been produced 
and the average gas-oil ratio of the pool has 
decreased. Gas lift has been installed also to 
produce the wells making water on the edge 
of the pool. 

If the Jones unit had been formed before 
the pool’s reservoir pressure had declined 
to about 1600 lb. per sq. in., which was near 


_ the critical pressure of flow under the gas- 


oil ratio existing in the western area, par- 
ticularly, still greater economies could 
have been accomplished. The opinion has 
often been expressed that the earlier a gas- 
injection program is started, the more 
beneficial that operation will be, especially 
if the reservoir is typically gas-drive or 
depletion type. Experience with the Jones 
pool bears out that opinion, which, in itself, 
is founded on sound engineering conclusions. 

Packers set on tubing near the top of the 
casing perforations have been used gen- 
erally to maintain flow of low-ratio wells, 
with good success. 

The gas-injection program may be classi- 


- fied as a “‘gas-cap injection operation.” To 


the present time, six of the structurally high 


wells have served as injection wells. No 


particular effort is being made to return gas 
to selected strata. Two of the wells were 


_ perforated with five to six shots per foot 


through most of the saturated section. The 


others were used with original production 


perforations in only part of the saturated 
zone. The injection wellhead pressure in 
December 1942 was 1330 lb. per sq. In. 


gauge, the daily volume injected being 
nearly 26 million cubic feet per day. 
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The compressor station has 4200 hp. 
installed. Gas is gathered generally at ap- 
proximately 275 lb. per sq. in. from the 
east area; at about so lb. per sq. in. from 
the west area, and at slightly more than 
atmospheric pressure from the consolidated 
tank batteries in the unit. The gas is proc- 
essed in an absorption gasoline plant at 
300 Ib. per sq. in. and is delivered to the 
field injection lines at 1450 lb. per sq. in. 
(December 1942.) 

All gas produced from Cotton Valley 
wells in the field is processed and made 
available for injection into the Jones sand. 
The r500-grain sulphide-bearing gas being 
produced from the Reynolds reservoir will 
be processed for its gasoline content, but 
will not be injected into the Jones pool 
because of its high content of hydrogen 
sulphide. 

The injected gas has shown a surprising 
degree of segregation in the reservoir. There 
is no evidence of any tendency toward 
differential movement to flood out any area 
of the pool commonly referred to as “chan- 
neling.” The increases in producing gas-oil 
ratio due to injected gas are normal and 
many wells in the immediate area of injec- 
tion wells continue to be good oil-producing 
wells. (See Fig. 15.) 

In March 10941, the injection wells 
became plugged with an oily accumulation 
of iron scale. The cause of this scale was 
traced to the s5o-grain hydrogen sulphide 
content of the injected gas reacting in the 
presence of a very small amount of oxygen 
in the air entering the system through the 
stock-tank vapor-gathering system. After 
steps were taken to eliminate this source of 
oxygen, and the capacity of the discharge 
scrubber at the plant was increased, no 
further difficulties were encountered. The 
injection wells were restored to their 
original capacity by washing with gasoline, 
and later, by washing with a small volume 
of acid. 
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ESTIMATES OF Ort INITIALLY IN PLACE 


Sand-volume Method——The Jones sand 
core analysis and drilling data were com- 
plete enough to provide unusually reliable 
estimates of the oil-saturated “ productive” 
thickness of Jones sand sandstone in wells 
drilled. Such an estimate was made by 
deducting all formation thicknesses having 
a specific permeability of less than ro milli- 


darcys to produce the isopachous map 


shown in Fig. 17, referred to as the map of 
“productive” sand thickness. The produc- 


‘tive sand volume is very nearly 150,000 


acre-feet. 

On the basis of 20.2 per cent porosity, 
1.45 initial formation-volume-factor and a 
connate water content of 25 per cent, this 
sand volume represents about 122 million 
barrels of residual oil initially in place. If 


35 per cent connate water were assumed, 


the result would be 106 million barrels. 

Material-balance Method.—One of the 
features of the Jones sand pool reservoir 
performance is the manner in which it 
adheres to the “ material-balance principle” 
relating reservoir-pressure decline and 
accumulated-fluid production. The Jones 
sand data permit a number of calculations 
that serve to test the validity of that 
general principle in this one specific 
instance. 

The material-balance equation applied 
to the Jones sand can be put into a con- 
venient form as shown in the Appendix. 


When the static reservoir pressure and 


- accumulated production statistics given in 


Table 2 are substituted in the equation, 
using discovery as the initial date for 
successively longer time-period calcula- 
tions, and with the assumption that no 
significant water encroachment into the oil- 
producing section has occurred, the cal- 
culated values for oil initially in place are 
those given in the ninth column of the 
table. The average of the 32 calculations for 
representative time periods from discovery 
is 116.5 million barrels. 
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The average result obtained is in excel- 
lent agreement with the estimate by the 
sand-volume method, which could be made 
identical if the percentage of connate water 
were set at 28.5. 

In applying the material-balance princi- 
ple to estimate oil in place, the first step 
usually is to assume no water encroach- 
ment. If, on that assumption, consistent 
values for initial oil in place are obtained 
for successive time periods, the absence of 
water drive is proved. On the other hand, 
if consistent values for initial oil in place 
are not obtained in that manner, but the 
calculated result increases continuously 
in each successive time period, water en- 
croachment is indicated. The theory of the 
principle then requires the use of appro- 
priate terms to correct for the effect of 
encroached water on the estimated value of 
oil in place, and a solution for both oil in 
place and rate of water encroachment must 
be obtained.*:4 

The calculated values for oil initially in 
place reported in Table 2 are not entirely 
consistent, but they are consistent enough, 
after consideration of unavoidable errors in 
the essential data, to lead to the conclusion 
that the result obtained for oil in place is 
reasonably accurate, and that water en- 
croachment into the pool is negligible. 

If the solubility-shrinkage curves ob- 
tained on the bottom-hole samples in 
December 1941 are used, the oil-in-place 
calculations indicate about 125 million 
barrels in place with substantially the same 
consistency between time periods. 


THE QUESTION OF WATER DRIVE 


The material-balance calculations estab- 
lish the Jones sand pool as a gas-drive or 
depletion-type reservoir entirely. This 
opinion is contrary to conclusions reached 
in a recent paper.® The probable absence 
of significant water encroachment is indi- 
cated also by indirect evidence. The geologic 
structure and the presence of silt and 
asphaltic residues on the flank of the oil- 
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saturated section and thinning of the sec- 
tion suggest a closed reservoir limiting the 
volume of water associated with the oil. 
The reservoir-pressure contours do not sug- 
gest flank encroachment of water. Further- 
more, water production from the unitized 
area has been relatively insignificant, as well 
as confined to outside wells, in spite of the 
reservoir-pressure decline of about 2000 lb. 
per sq. in. and 21 per cent recovery of the oil 
initially in place. 

At the present time, all of the outside 
wells about the entire flank of the Jones 
pool produce water in amounts up to 60 
per cent of total liquid produced. The water 
production from the Jones unit has in- 
creased in recent months, mainly because 
these edge wells in the west area have high 
oil potentials with low producing ratios and 
are being kept on high rates of production. 
There is no evidence that water production 
in the edge wells is increasing at a rate 
even suggestive of a significant rate of 
encroachment. 

Those who are particularly interested in 
the test of the material-balance calculation 
will note a trend in the calculated values of 
oil in place in Table 2, ninth column, begin- 
ning with unit operation in February r1o4r. 
The increase is not as large as would be 
expected if water encroachment existed. 
The significance of that trend cannot be 
explained with present information. It may 
be due to one of a number of unavoidable 
sources of error, particularly in the value of 
the average static reservoir pressure deter- 
mined from observations in key wells, or 
possibly may be caused by failure of the 
differential solubility-shrinkage curves to 
represent the reservoir process, especially 
under gas-injection operations. 


CONSERVATION UNDER Unit OPERATION 
Increased Ultimate Recovery 


The importance and significance of the 
Jones sand unit will rest in the substantial 
increase in ultimate oil recovery as a result 


of the gas-injection pressure-maintenance 
program. In addition, the oil-potential 
capacity of the pool will be maintained at a 
relatively higher level than if nonunitized 
primary operations had continued. Meth- 
ods for estimating increases in recovery 
from secondary over primary operation 
vary in procedure and reliability because, 
in most instances, economic factors and 
reservoir performance cannot be predicted 
with desired accuracy. However, the 
reservoir data for the Jones sand pool are 
complete enough to invite an attempt to 
estimate the expected increase in recovery 
from the pool. 

The procedure to be described briefly is 
an attempt to apply strict theory to ap- 
proximate the future behavior of the pool 
from past performance. The weaknesses in 
the procedure will be apparent, yet the 
departure from accepted facts is not too 
great for the procedure to have some merit 
as a means for comparing expected recovery 
from two methods of producing a reservoir ~ 
of the purely depletion type. 

The material-balance equation applied to 
estimate oil initially in place and shown to 
adequately represent the past performances 
of the Jones sand pool, may be used to 
predict future reservoir pressures as a func- 
tion of future accumulated production 
based upon the indicated volume of oil in 
place. This can be done if future producing 
gas-oil ratios can be estimated. 

The producing gas-oil ratio of a reservoir 
at any time is a function of the average 
reservoir flowing pressure, the solubility of 
reservoir gas in oil, the ratio of viscosities 
of reservoir oil to gas, and the “effective” 
permeability ratio of gas to oil as fixed by 
the physical character of the reservoir rock 
and its associated liquid saturation. 

Rather than resort toa laboratory test on 
core specimens to evaluate the effective 
permeability ratio, the assumption was 
made that the producing gas-oil ratio of the 
Jones sand pool from discovery to Feb. 15, 
1941, established the effective permeability 
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ratio of gas to oil as a function of the 
average reservoir liquid depletion of the 


_ pool. Accordingly, the gas-oil ratios in that 


period were used to calculate “apparent” 


effective permeability ratios of gas to oil. 
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When these ratios were plotted on a semi- 
log paper against corresponding residual 
reservoir liquid saturation, a nearly linear 
relation was found, which was extrapolated 
into the saturation range of future recovery. 


‘After the effective permeability ratios of 


oil to gas as a function of accumulated 
reservoir liquid produced were evaluated 
in this manner, a trial and error simulta- 
neous solution of the fundamental gas-oil 
ratio equation with the material-balance 
equation permitted an estimate of future 
gas-oil ratios and reservoir pressures under 
continuation of the primary operation and 
under the present secondary gas-injection 
program. 

This procedure permitted computation of 
the dashed-line curves of Fig. 16. The gas- 
oil ratio and reservoir-pressure curves for 
continuation of the primary operation have 
trends usually associated with gas-drive 
pools. The ultimate recovery by continua- 
tion of primary operation might have been 
approximately 34 million barrels (30 per 
cent recovery). With 90 per cent return of 
produced gas under the secondary opera- 
tion, the gas-oil ratio will steadily increase 
to a chosen economic limit of 20,000 cu. ft. 
per barrel, at which point the reservoir 
pressure is expected to be about 600 lb. per 
sq. in. and the ultimate recovery approxi- 
mately 54 million barrels. On the basis of 
such an analysis, the estimated increased 
ultimate recovery due to the unitized gas- 
injection program is approximately 20 mil- 


lion barrels. 


Gas Conservation 


The saving for future sale of the natural 
gas that would otherwise be wasted in the 
field is an important element in the unitized 


- operation. The volume of gas remaining in 
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the reservoir after 54 million barrels re- 
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covery at 600 lb. per sq. in. reservoir 
pressure should be about 18 billion standard 
cubic feet. 


Savings in Equipment 

Unit operation of the Jones sand resulted 
in the conservation of a large quantity of 
equipment. Four gas-lift systems represent 
the total Unit investment in artificial lift in 
the Jones sand and the pressure-main- 
tenance program can be credited with 
saving the installation of pumps on about 
140 Jones sand wells. Instead of 62 leases 
equipped with tank batteries and separa- 
tors, the Jones sand is now produced into 
eight consolidated tank batteries and a 
large amount of such surface equipment 
has already been salvaged. 


Shut-down Wells 


One of the unique features of the Jones 
unit operation is the fact that fewer than 50 
of the 140 unit wells have been used each 
month to produce the allowable oil. In 
November 1942 the number of wells pro- 
duced was 37 (Fig. 15;).. About 50 unit 
wells have been completely shut in since the 
unit was formed. These are in the east half 
of the field principally. A question im- 
mediately arises in connection with well 
spacing. Could the Jones sand at the Schuler 
field have been as successfully developed 
with fewer wells? At present it appears that 
one well to 40 or more acres would have 
served the unit operation adequately; but 
judgment in this matter will be more 
certain after the west area is brought toa 
higher stage of depletion and production 
is again taken from the entire area of the 
pool. 


Cotton Valley Unitization 


Extension of the Jones sand unit to in- 
clude the undeveloped Cotton Valley sand- 
stone within the then unitized area was a 
definite conservation measure. Jones sand 
wells temporarily or permanently plugged 
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back will permit recovery of a substantial 
volume of oil from reservoirs that could not 
be developed economically in any other 
way. 


Cost oF RESERVOIR DATA 


The Schuler operations are important as 
an example of the benefit that may be 
derived from the application of accepted 
modern petroleum engineering practices. 
The Schuler unit is an example of what 
might bé accomplished generally if sufficient 
care were exercised in obtaining detailed 
reservoir data. 

Petroleum engineers are often called 
upon to justify the cost of extended pro- 
grams of reservoir study, since good and 
sufficient reservoir data often involve large 
investments. The justification of such data 
cannot often be readily or immediately 
established. Executives charged with the 
responsibility of making prudent invest- 
ments are inclined, therefore, to forego the 
opportunity to obtain complete reservoir 
engineering data on new pools. Unfortu- 
nately, the opportunity exists but once. 
The decision to take and analyze cores, 
obtain reservoir pressures, and provide 
other well-test information is a most critical 
one. 

Schuler probably has been the most ex- 
haustively studied of all reservoirs. A care- 
ful estimate of the total expenditures for 
cores and core analyses, electric logs, 
monthly reservoir-pressure surveys, bot- 
tom-hole samples, field tests, and laboratory 
work, including office expense attendant on 
the distribution of reports—all regarded as 
expenditures for reservoir study—average 
to this date about $1800 per well drilled. 
For the 146 wells this sum is about $263,- 
ooo. In terms of total money, it is a large 
sum; perhaps an unjustifiable investment 
to those not enthusiastic about the ultimate 
value of reservoir data. Expressed in terms 
of a primary oil reserve of 35 million barrels, 
this investment at Schuler amounted to 
$0.007 per barrel. 


The value of that investment was re- 
turned to the operators of the Jones pool as 
savings in dry holes not drilled. Moreover, 
the reservoir data were almost entirely 
responsible for the clear understanding of 
the pool that led to the very successful unit 
operation and the sound design of the gas- 
injection plant and equipment. In addition, 
the unit operator has a fund of information 
available to guide the usual rework and 
reconditioning operations associated with 
field work. The values so realized have 
returned the investment in reservoir study 
with substantial profit if such an invest- 
ment should have to be charged as a 
separate expense under accepted modern 
engineering practice. 
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APPENDIX 


The material-balance equation as it 
applies to the Jones sand pool can be 
placed in the following convenient form 


_ because the solubility-shrinkage curves can 


be expressed as linear functions of pressure 
above 500 lb. per sq. in. abs.: 


N[r — 18.65 + 0.045P:1 + 5.38 
X 10-§P;"] — (0.0672)(W — w)Pi 


# [Po — PiJ[o.0334 — 5.38 X 10° *P1 
+ m(1 + 50)(0.0672)] 
Wherein substitutions for a time period 
from fo to #; are made as follows: 
N = pipe-line oil produced, bbl. 
r = average net produced gas-oil 
ratio, cu. ft. per cu. ft. 
Po = static reservoir pressure at fo, 
Ib. per sq. in. abs. 
P, = static reservoir pressure at hy, 
Ib. per sq. in. abs. 
m = ratio of reservoir space filled 
with free gas to space filled 
with reservoir liquid at time fo. 
(1 + so) = reservoir-liquid volume factor 
at time fo. 
W = volume of water encroached 
into reservoir at time ¢,, bbl. 
w = volume of water produced at 
-time#;, bbl. _ 
n = volume of residual oil initially 


in place, bbl. 
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The oil-in-place calculations of Table 2 
were obtained with discovery as the initial 
time and setting m = 0.03, W =o and 
w=o. The pressure data were those 
observed at 7300 ft. subsea converted to 
7340 {t. subsea, considered to be the average 
depth of the saturated section. Volumetri- 
cally averaged pressures were used, with 
the thought that they would most nearly 
approximate the true static pressure of the 
reservoir. 

The solubility data of the first bottom- 
hole samples can be represented by: 


S = 0.0334P + 18.65, cu. ft. per cu. ft. 
and the reservoir volume factor by: 


(Geass) G00) LOm D1 105 


_ above reservoir pressures of 500 lb. per 


sq. inch. 


DISCUSSION 


J. F. Repmonp,* Houston, Texas.—Dr. 
Kaveler has given a very instructive paper on 
one of today’s most interesting problems of 
reservoir performance. He and his associates 
should be thanked for their effort in working 
up these data and particularly for discussing 
them here today, thereby giving the industry 
in general the benefits of at least one quarter 
of a million dollars spent in research. I am sure 
that it will be agreed that that expenditure is 
not large considering the size of this project 
and the value received, nevertheless it is a sum 
that reflects an engineering study of propor- 
tions seldom attained in the past. 

The advantages of unitization and pressure 
maintenance are inescapably illustrated by the 
more uniform reservoir pressures and the 
decrease in rate of reservoir-pressure decline, 
causing a saving of artificial-lift equipment and 
a reduction in the gas-oil ratio. These points 
are especially significant when it is realized 
that approximately 50 per cent of the ultimate, 
by natural production, had already been pro- 
duced at the time unitization was effected. 

Dr. Kaveler has concluded that without 
pressure maintenance the ultimate recovery 
would have been approximately 35 million 
barrels, which for depletion conditions would 
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seem to be entirely reasonable. Pressure main- 
tenance is expected to increase this quantity 
by some 20 million barrels. This figure is less 
substantiated than the first but it seems certain 
that appreciably more than 35 million will be 
obtained. There is no doubt that the beneficial 
effects of pressure maintenance upon ultimate 
recovery will depend upon the relative per- 
meability characteristics of the formation; the 
physical properties of the oil and gas; the 
amount of gas returned to the formation; and 
the production gas-oil ratio. It would be a rare 
case, however, for which these data would be 
known with sufficient accuracy to be used in 
flow equations for determining the increases 
in recovery by pressure maintenance. Dr. 
Kaveler has nicely sidestepped these difficult 
points by using the reservoir’s past production 
behavior and material-balance calculations to 
determine the expected gas-oil ratio as a func- 
tion of future production. This method may 
have been used by some production engineers 
but I think this is the first time that it has been 
suggested publicly and applied to an actual 
problem of reservoir performance. 

There is one conclusion in the report which 
I believe is not quite well founded. That is Dr. 
Kaveler’s interpretation of the material- 
balance calculations for indicating the presence 
of a water drive. In Table 2 he has shown the 
calculated volumes for the oil initially in place 
at successive stages of production. These values 
were calculated by assuming no water encroach- 
ment. As Dr. Kaveler pointed out, these values 
are correct if they remain constant. Under 
such conditions the basic assumption is cor- 
rect, since then they show that there is no water 
encroachment. If the values increase continu- 
ously in each successive stage of production, 
water encroachment is indicated, definitely 
but not quantitatively. 

The report directs attention to the upward 
trend of the calculated volumes of oil in place, 
beginning with unit operations. It was stated 
also that the increase was not as large as would 
be expected if water encroachment existed, 
and therefore the significance of the trend was 
discounted. 

I might recall for you that this trend began 
at a volume of approximately 109 million 
barrels and has increased steadily during the 
past 18 months to approximately 120 million 
barrels, an over-all increase of 10 per cent. 


For the purpose of analyzing the meaning 
of the upward trend of the calculated volumes 
of original oil in place, an attempt could be 
made to determine quantitatively the rate of _ 
water encroachment that would account for the 
reservoir’s performance. That might be done 
by selecting periods in which the reservoir 
pressure remains constant. During such periods, 
and when strictly depletion-type reservoirs are 
considered, the reservoir volume of the gas and 
oil produced must be equal to the reservoir 
volume of the gas returned. If these volumes 
are not equal, other reasons must be found to 
explain the filling in of the entire pore space 
vacated by the produced oil and gas. 

Several such periods exist between: (1) 
August through December 1941, when the 
average volumetric pressure dropped from 
1533 to 1528 lb. per sq. in.; (2) February 
through July 1942, when the volumetric pres- 
sure dropped from 1521 to 1510 lb. per sq. inch. 

For the period between Feb. 1 and July 31, 
1942, when the maximum pressure variation 
on either the areal or volumetric basis was less 
than 13 lb. per sq. in., the reservoir volume of 
the produced oil and gas was approximately 
g million barrels, while the reservoir volume of 
the returned gas was only 634 million barrels. 
This leaves a deficiency of 214 million barrels, — 
which must be equivalent to a volume of water 
entering the reservoir during the 182 days. 
At this rate, the total water influx to July 31, 
1942, is estimated at around 13,000,000 bbl., 
a not insignificant figure compared with the 
total amount of oil produced, 23,700,000 bbl. 
Tf no water does enter the reservoir, an error of 
approximately 25 per cent in the volumetric 
calculations must be accepted. 

This point may be checked in another 
manner. It may be assumed that there is no 
water drive but that the production during the 
period mentioned was due to the expansion of 
the fluids in the reservoir alone on account of 
the 13 lb. pressure drop. And not-to be con- 
servative in our estimates, it will be assumed 
that the pressure did actually drop 20 lb. per 
sq. in. and that the reservoir originally con- 
tained at least 125 million barrels of tank oil. 
Under such circumstances the fluids remaining 
in the reservoir could expand not more than 
one million barrels, still leaving a volume of at 
least 134 million barrels to be filled by en- 
croaching water. 
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If these calculations of water influx are to be 
ignored and the reservoir to be considered a 
strictly depletion type, large errors in material- 
balance calculations must be accepted. /f such 
large errors do exist, would they not also in- 
validate any calculations by this method of 


- original reservoir volumes, or of the increased 


future recoveries under pressure-maintenance 


‘operations as reported in this paper? If such 


large errors cannot be accounted for, the 


_ reservoir is not entirely of the depletion type. 


These considerations are important, for no 
concrete conclusions can be drawn as to the 
recovery efficiency of this reservoir and the 
influence of pressure maintenance upon ulti- 
mate recovery until the presence and effective- 
ness of the possible water drive is accounted for. 

Finally, I cannot but feel that Dr. Kaveler’s 
statement that ‘‘at the present time all of the 
outside wells about the entire flank of the Jones 
pool produce water in amounts up to 60 per 
cent of the total liquid produced,” and the rate 
of increase in water production, confirm the 
existence of a water drive, which was indicated 
by the results of the calculations. 


W. A. Bruce,* Tulsa, Okla.—It is believed 
that the behavior of the gas-oil ratio of this 
pool is particularly significant. The departure 
of the curve of gas-oil ratio from the theoretical 
one indicated by curve 4, Fig. 16, is believed 
to be due to gas-oil segregation. If this is true, 
the future gas-oil ratio of the pool will be as 
much a function of the method and rate of 
production as it will be a function of the field 
calculated permeability relationships referred 
to by the author. 

The relationship between saturation of oil 
and relative permeabilities to oil and gas is not 
linear, consequently any attempt to compute 
an average gas-oil ratio on the basis of relative 
permeability would depend upon the distribu- 
tion of oil saturation as well as the average 
saturation itself. If the effective relative per- 
‘meability values were determined on the basis 
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of volumetrically determined oil and gas 
saturation in the reservoir, and the oil and gas 
saturation distribution that existed at the time 
the determinations were made from field data, 
these permeability values projected on other 
saturation distribution would not be applicable. 

Obviously, if the pool is to be operated at its 
highest efficiency, and gas-oil segregation con- 
tinues to be a major factor, the same distribu- 
tion of saturation will not exist as did prior to 
unitization. It was this condition prior to 
unitization, during which period the rate of 
pressure drop was so rapid that gas-oil segre- 
gation was not an important factor and the gas 
saturation probably had a fairly uniform 
vertical distribution, upon which the author 
based his calculations of the permeability 
relations. Consequently, if there is a significant 
rate of gas-oil segregation and a correspond- 
ingly large variation in the vertical distribution 
of gas saturation, it should be accidental if the 
gas-oil ratio follows the curve 4 predicated 
upon no gas-oil segregation. 

It is entirely possible that if the rate of oil 
production is greatly increased, the gas-oil 
ratio of the pool would rise above curve 4, 
whereas it is possible, by decreasing the pool 
production rate of oil, to reduce the gas-oil 
ratio below its present figure. 

Another item of considerable importance 
from a standpoint of reservoir engineering is 
the reduction in number of wells necessary for 
the production of the pool allowable. It is 
noted that in November 1942 the number of 
wells producing was 37, or an individual pro- 
duction rate of over 300 bbl. per well per day. 
This operation led to a lower gas-oil ratio than 
when the pool was operated with 146 wells, 
with an average production less than roo bbl. 
per well per day. 

It is believed that even now a valuable lesson 
can be drawn concerning well spacing. The 
operators seem to have found that a well 
density of one well to 20 acres is not necessary 
and, furthermore, that some spacing wider 
than 4o acres seems to be indicated as being 
sufficient to exploit this reservoir. 


A Study of the Smackover Limestone Formation and the 
Reservoir Behavior of Its Oil and Condensate Pools 


By W. A. Bruce,* Junior MeMBER A.I.M.E. 


(New York Meeting, February 1944) 


ABSTRACT 


Studies of reservoir behavior of 12 Smackover 
limestone oil and condensate pools are pre- 
sented. Buckner, Midway, McKamie, Mag- 
nolia, Mt. Holly, Schuler (Reynolds) and 
Village are treated in considerable detail and 
subjected to analysis with an electrical device 
for analyzing reservoir behavior. Results and 
comparisons of these analyses are presented. 

In addition to these reservoir-behavior 
studies, an attempt is made to assemble trans- 
missibility and storage data on the Smackover 
limestone formation from cores and logs taken 
in dry holes and producers. This together with 
the behavior of individual reservoirs leads to-a 
better understanding of the formation as a 
porous aquifer. 

The ultimate purpose of this type of study 
is to improve predictions concerning the future 
behavior of these pools in such a system. Pre- 
dictions are presented for several pools. 


INTRODUCTION 


In 1937 the Phillips Petroleum Co. 
drilled its J. D. Reynolds No. 1 to the 
Smackover limestone formation at Snow 
Hill, Arkansas. This well found oil in the 
porous, permeable, upper part of the 
Smackover, thereafter referred to as the 
Reynolds lime. Since then, six oil pools and 
six condensate pools have been discovered 
in the Reynolds lime, and more than 75 dry 
holes have explored parts of this 
formation. 

By the first of 1943, 44 million barrels 
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of oil and 83 billion cubic feet of gas had 
been withdrawn from the various reser- 
voirs. The original reserves estimated by 
the Arkansas Oil and Gas Commission — 
were 342 million barrels of oil and 1200 
billion cubic feet of gas. 

So far all of the production has been 
from anticlinal structures, most of which 
are asymmetric and have their axes roughly 
perpendicular to the dip of the formation 
top. This is indicated in Fig. 1, which 
shows the pools, dry holes drilled, and con- 
tours on top of the Smackover. 

These pools are of particular interest 
for reservoir-behavior studies because the 
production and drilling has been con- 
trolled, and in most cases the records of 
reservoir data are complete. In addition to ~ 
the excellent production and _ pressure 
information available, more than one 
half of the wells drilled were cored and all 
of them were electrically logged. All of the 
pools show evidence of water drive. 

While this paper is in a sense a collection 
of reservoir-behavior studies for several 
different pools, there has been an attempt 
to go one step further and to show the im- 
portance of the formation as a porous 
continuum or a single aquifer in which the 
withdrawals of fluids from any pool has 
an important effect on the behavior of all 
of the pools. An effort will be made to 
show that the water drives of these pools 
are dependent upon a much larger area of 
the Smackover limestone than that oc 
cupied by the petroleum accumulations. 
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SMACKOVER FORMATION 
The Smackover formation, for the most 
part of the area under consideration, lies 
between the Eagle Mills red beds and salt 
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limestone with dark argillaceous bands. 
Warren Weeks,? in discussing the geologic 
column at Schuler, writes: 

The cap rock, which is the top of the Smack- 
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and the Buckner anhydrite and red beds. 
Imlay! states that in southern Arkansas 
the Smackover is divisible into two mem- 
bers, of which the upper consists of odlitic 
to chalky limestone and the lower of dense 


1 References are at the end of the paper. 
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2 ? Fic. 1.—REGIONAL MAP OF SMACKOVER AREA. 
Showing estimated areal extent of pools and contours in feet subsea on top of the Smackover. 


over formation, and which immediately over- 
lies the porous zone, varies in thickness from 
2 or 3 ft. in the southeast part of the field 
to approximately 15 ft. in the northwest 
sector. It consists of hard, dense limestone 
with streaks of calcareous shale in the upper 
part, where it is thickest. The color of the 
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limestone varies from tan to gray. The texture only very loosely cemented, resulting in high 


is cryptocrystalline; however, a faint vestige porosities and permeabilities. 
of odlitic structure can be recognized. ae 
The underlying porous odlite consists of These characteristics seem to be present 
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typical concentrically grown spherical odlites, in all the pools with variations in thickness 
ranging in size from very fine to coarse and of the cap rock from zero to over 50 ft. At 
with .a few pisolites the size of a small pea. Magnolia there is evidence of scattered 
Throughout most of the zone the odlites are carbonaceous material, possibly bitumen. 
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The Reynolds zone is broken here and 
there by lenticular strata of dense lime, 
which varies in thickness up to 25 ft. and 
which has a texture similar to the cap rock 
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ranging from 280 to soo ft., but all this is 
not porous. 

In the area of production indicated by 
Fig. 1, and with the exception of the 
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Fic. 3—NORTH-SOUTH CROSS SECTION NEAR CENTER OF THE MAGNOLIA POOL. 


described above. These strata usually are 
not of sufficient extent to prevent the 
vertical movement of fluids over the area 
of an entire pool. 

Fig. 2, which is a diagonal NW-SE 
cross section across the east half of Mag- 
nolia, shows the cap rock and strata of 
dense lime. This may be contrasted with 
the extent of good porosity across the 
center of the pool shown in Fig. 3. 

Most of these pools seem to have better 


_ over-all permeability near the center or 


top of the structure, from which it may be 
inferred that the permeability may be 
lower in the aquifer between pools than 
in the pools themselves. This porous part 
of the Smackover is at least roo ft. thick 
with the maximum so far discovered of 
over 300 ft. at Magnolia. Thigpen*® shows 
thicknesses of the entire upper member 


major fault zone, it is believed that the 
formation is such that no two areas are 
cut off from each other as far as the migra- 
tion of fluids is concerned. 

The Smackover extends from the uncon- 
formity, which is the limit on the north, 
indefinitely into Louisiana on the south. 
The Smackover lime covers most of the 
East Texas Basin, North Louisiana, South 
Arkansas, south of the line of truncation 
and extends across Mississippi into Ala- 
ama. It is not known whether this 
formation has porosity over all this area; 
however, porosity has been found in Lime- 
stone County, Texas, and several miles 
east of Schuler, Arkansas, and it is believed 
to lie in a band at least 30 miles wide be- 
tween these points. 

There is no known outcrop, nor is it 
likely that water entered or left this forma- 
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tion after Cretaceous time. The water 
analyses and hydrostatic conditions indi- 
cate that there may have been no appre- 
ciable movement of water after deposition. 
Thus, here is a picture of an isolated body 
of porous, permeable limestone 100 to 300 
ft. thick and covering from 10,000 to 
20,000 square miles filled with an almost 
saturated brine that was partially dis- 
placed in some of the high spots by 
petroleum accumulations. 

The brine density from all pools is 
approximately the same and averages 
1.22 sp. gr., which corresponds to 0.52 lb. 
per sq. in. per foot. 

The area of immediate importance to the 
known production is about two million 
acres and probably contains more than 
200 billion barrels of water. The known oil 
in place in the proven reservoirs originally 
was 700 million barrels, and the gas in 
place was 600 million barrels. To displace 
50 per cent of these hydrocarbon fluids by 
water will mean an average drop in water 
pressure of from 200 to 500 lb. This will 
mean that the pressures at the various 
pools can be expected to be considerably 
affected by the production from the total 
area. This effect may be considered as 
interference superimposed on the expected 
behavior of each individual pool. 

So far the interference or competition 
among pools for the common water supply 
has not been clearly shown because of the 
large time lag in pressure-flow relations 
throughout the formation, and because the 
total water movement into pool areas has 
been only 50 million barrels. 

The fluids in this large porous and 
permeable blanket were, prior to petroleune 
exploitation, under pressures that varied 
with the subsea depth. A plot of these 
pressures versus depth is shown in Fig. 4. 
The slope of this hydrostatic line is about 
the same as the brine density shown above. 
It is believed that information prior to ex- 
tensive exploitation is sufficient to estab- 
lish the validity of this relationship of 


pressure versus depth, and that from now 
on original pool-pressure values that fall 
below this line will represent evidence of 
interference. Ameasurement at the recently 
discovered Columbia pool in sec. 23, 17 S., 
21 W., showed roo lb. drop from its ex- 
pected hydrostatic pressure. 


ADAPTABILITY OF ANALYSIS TO RESERVOIR 
BEHAVIOR OF SMACKOVER LIME POOLS 


Several mathematical methods*-® of 
analyzing reservoir performance have been 
developed, and now analyses can be made 
by an electrical device’ referred to here- 
after as the Analyzer. All of these methods 
depend upon the assumptions of a certain 
degree of homogeneity in the system to be 
studied, and upon knowledge of certain 
geologic data. 

If the porous continuum in which these ~ 
reservoirs are found were an infinitely ex- 
tensive, homogeneous, continuously per- 
meable, and uniformly thick blanket 
formation, the future water influx into 
all of the pools could be calculated pre- 
cisely and the interference could be estab- 
lished exactly from the behavior of the 
pools to date, with the aid of the analyzer. 
However, this formation is not uniform nor 
homogeneous and modifications of the 
analysis must be made to allow for hetero- 
geneities and boundary limits. Several 
factors tend to simplify these modifications. 

1. The limits of this formation are such 
that the behavior of most of the pools for 
the next ro years will be as though no 
limits existed. 

2. For most pools the exact location of 
the limits of the porous zone is of so little 
importance that only slight error should 
result from assumptions necessary. 

3. Since rate of water influx is almost 
directly proportional to average per- 
meability, it is necessary to know permea- 
bility with reasonable accuracy, but if the 
formation is permeable to any extent, an 
average value can be determined by a 
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short history of the pool behavior of 
several pools. 
4. Major discontinuities, such as regional 
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in the process of an analysis. For the 
second, something can be done by analysis 
but geologic information also is needed to 
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Fic. 4.—ORIGINAL PRESSURES IN SMACKOVER POOLS VERSUS DEPTH. 
Pressures are corrected to water-table level. 


fault zones, have been located and can be 
accounted for by proper theoretical 
adjustment. 

5. Variations in effective thickness or 
permeability within the limits have been 
shown by electric model experiments to 
average out unless the variations are 
progressive in one direction or are over 
all of some large area, or in case there are 
areas of total impermeability entirely sur- 
rounding a pool. 

Therefore, the two main problems of 
analysis are to find the effective 
values of permeability and compressibility 
through the interpretation of reservoir 
performance and to identify and correct 
divergences caused by large- -scale barriers 
anywhere in the formation or small bar- 
riers very near a pool or surrounding a pool. 
The first problem is solved automatically 


make the interpretation of the reservoir 
behavior accurate. 

It is certain that errors will arise when 
there are unknown or unaccounted for 
barriers to flow. The foregoing is meant to 
show only that these errors should not be 
as large as might be expected from the 
heterogeneities known to exist. Such bar- 
riers to flow very near a pool will cause too 
low a pressure prediction. Barriers about 
ro miles from a pool will:cause too high a 
pressure prediction. Scattered small bar- 
riers will not materially affect a prediction. 

In the foregoing discussion it has been 
indicated that difficulty will be encountered 
and errors are to be expected in an attempt 
to analyze the reservoir behavior of these 
pools, either mathematically or with the 
analyzer. It is clear, however, that many 
of the possible errors in the analysis can 
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be eliminated by use of the analyzer 
largely because known barriers to flow can 
be properly accounted for. 

It is apparent that one of the limitations 
in an analysis is the lack of complete 
geologic data. In particular, one of the 
limitations is the incompleteness of in- 
formation concerning the transmissibility 
of water through the Reynolds zone in the 
areas between pools. While some of the 
information concerning transmissibility 
has been obtained from dry holes drilled, 
in other instances the possibility of using 
this information was not considered by 


charge, and the flow and storage of ~ 
reservoir fluids in the porous media of the 
reservoir. Electric currents, corresponding 
to the flow of fluids, are withdrawn from 
the condenser and resistor network that 
comprise the analyzer, in a manner that 
is analogous to the withdrawal of fluids 
from the various wells or pools. By com- 
parison of the voltages obtained in the 
electrical device, and the pressures ob- 
served at the wells and pools, the over-all 
nature of the reservoirs and the continuous 
water-filled porous media in the neighbor- 
hood of these reservoirs can be determined. 


TABLE 1.—Data Obtained with Analyzer 


Original Reservoir | Estimated | Estimated 
Producing | Estimated Volume, Million Bbl. | Average | Average 

Pool Wells Number Laboratory|Laboratory 

of Acres Permeabil-| Porosity, 

Gas Zone | Oil Zone | ity, Md. | Per Cent 
Atlantasys These oom ete ees aoe 22 I,000 254 Peet) 1,276 15.0 
Bigr Creeley. sets estate usher ease I 200 12.0 250 125 
Backners haere ceetocrs ote 28 1,610 43.3 50 20.0 
Dercheatiniancies os foe athe ee tae 23 2,130 80.0 oT 3s 155 14.0 
Macedonia 17 2,250 100.0 24.0 229 14.0 
Magnolia. . I16 5,600 65.0 360.0 1,500 T7L0 
McKamie. ; cz 2,800 288.6 400 17.0 
MG Way nics tation to natere ial oars 37 2,400 180.0 145 SB25 
Mé) lolly. SeRieties aenetioe ee Gare 5 360 i ae} 10.5 1,130 20.0 
Schulemh Mecit. vege eter ssie vee ohare oes 15 1,200 AnF 34.4 1,500 18.5 
Texarkana nwa. eee eee eee I 240 5.0 174 14.0 
Willa Ges. § low vene utters Wekeetrs, epee tee I2 | 640 LK23 18.8 2,000 20.0 


geologists on the job and consequently only 
fragmentary data exist. It is believed 
that future drilling will produce data that 
will give a more complete picture. At the 
same time, the development of the pools 
already discovered should contribute to 
the better understanding of this porous, 
permeable formation, so that within two 
or three years a much better analysis of 
this problem can be made than is presented 
at this time. 


MetHops oF ANALYSIS AND PREDICTION 


The methods of using the analyzer for 
study of these pools and for predictions 
of pressure and water influx have been 
described.? The use of the analyzer for 
this purpose rests upon the analogy be 
tween the flow and storage of electric 


Furthermore, if the analyzer is adjusted 
so that it will reproduce the pressure 
behavior of a pool or a well up to the 
present date, it can be relied upon to pre- 
dict future pressures under any reasonable 
set of arbitrary producing conditions. In 
the event that water-influx data cor- 
responding to assumed pressure conditions 
are desired, these too can be obtained. 

Seven pools were studied with the 
analyzer; of these, Buckner, Magnolia, 
Midway, and Schuler were given the most 
detailed analysis. The factual data for 
these pools are shown in Tables 1 and 2. 
The constants expressing the nature of 
the aquifer surrounding the pools, and 
based entirely upon the performance of 
the pools, are shown in Table 3. 
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WATER INFLUX 
Direct measurements and calculations 
have shown that water is moving into all 
of the Smackover pools. At Magnolia over 
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used. In each case, it has been assumed that 
volumes of oil and gas in place could be 
determined more closely from the fairly 
complete geological information available 


TABLE 2.—Daia Obtained by Material Balance+ 


Cumula- Infl 
. Gas Pro- Water tive Water Pressure ex 
Pool eee duced, M | Produced, Influx hange, ae de 
7 : rst Lb. per Gh ooh 
Cu. Ft. Bbl. Million Ss Ta (a2) Lb. per 
Bbl. ae Sq. In 

per Acre 

Atlanta...} 3,321,658 4,345,606 220,047 5.49 II 
Big Creek. 138,933 3,431,109 1,000 2.51 353 ae e.ads 
Buckner...| 3,853,742 913,784 453,686 4.86 710 4.0 0.003 
Dorcheat. -| 1,836,237 | 17,625,000 5,000 2.10 930 7.5 0.004 

Macedonia 579,577 7,017,000 3,000 430 

Magnolia..| 27,998,000 | 25,299,000 | 2,137,000 ‘ 41.8 0.007 
McKamie.| 1,746,883 | 13,148,397 5 17.2 0.006 
Midway...} 2,225,258 580,803 52,363 kK 18.6 0,008 
Mt. Holly. 219,909 1,324,241 29,758 0.69 156 8.8 0.024 
Schuler...|} 4,396,000 6,377,000 | 2,096,000 ‘ 45.4 0.038 
Texarkana 21,995 650,000 i Pet 0.073 
Village....| 1,801,600 7,930,000 518,000 25.2 0.038 


« Production data are as of June 30, 1943. 


23 million barrels of water have moved into 
the oil zone, and two million barrels have 
been produced with the oil. At Schuler, the 
water influx has been over nine million 
barrels and at Village an almost equal 
amount has been observed. The calculated 


than by that form of the material-balance 
method in which the water influx and 
original oil -in place are determined 
simultaneously. 

In addition to this calculated water in- 
flux, there have been other indications that 


TABLE 3.—Data Obtained with Analyzer? 


Arbitrarily Assumed 


Determined by Analysis 


Pool 
L/N MN cb 
PLES Peta bia ld Serwicia sles 0.01 0.1 2. 0.00061 
PNCIMMET fox bie force ee eee 0.01 0.1 i 0.00018 
MOLT WT es « Ax alolnsls = 0501s 0.00867 0.2775 3 0.00031 
TOE ep lie alge ees 0.01 0.2 4. 0.00044 
IVERERORE ie 3 acenetn-n lejos. oy 0.001496 0.06 6. 0.00231 
Witme Olly sc cae o eo 0.02 0.3 ea 0.0002I 
SHER. S2.choie «vie ores 2 Hiss 0.006 o.1 4. 0.00182 
AAVErabe. . io cea seces 3. 0.00058 
a Assume b = 100 ft. and » = 1.0 cp., then average k = 30 md. and c = 5.79 X 1078 bbl. per bbl. per 1b. 


per sq. in. 


n 
L, M, and N are factors explained in the special re 


k = permeability, perms (1.127 times darcys). 
v = viscosity, centipoise. c= 
accumulative water influx for all of these 
pools is shown in Table 2, and the water 
influx versus time for seven of the pools is 
shown as curves for individual pools. 
In the calculation of water influx, various 
forms of the material-balance method were 


port on the analyzer. 
b = thickness, feet. , 
compressibility, bbl. per bbl. per lb. per sq. in. 


the pools in the Smackover have potential 
water drives. One of these has been the 
early appearance of water in edge wells 
and the continuous increase in percentage 
of water production. Another indication 
has been the rise in pressure associated 
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with sizable reduction in production rate. 
This has been particularly noticeable at 
pools that were shut in for an interval of 
several days or more. 


THE RESERVOIRS 


The most important factual data, con- 
cerning the reservoirs considered in this 
report, are contained in Figs. 5, 7, 9, 10, 
12, 14, and 16. Other information of inter- 
est, or necessary for the study of these 
pools, will follow in a discussion of the 
individual pools, or will be found in 
Tables 1, 2, and 3. 

Data on the behavior of hydrocarbons 
and detailed laboratory analyses are not 
shown in this report, but some of these 
data have been reported previously.® It 
has been found that the shrinkage of the 
oils in these various pools is remarkably 
similar, also that the curves for pressure- 
volume behavior of the various gases are 
much alike. For this reason it has been 
found possible to make up a chart for 
distillate-producing wells, which relates 
the barrels voided from the reservoir for a 
barrel of stock-tank distillate. The parame- 
ters for this set of curves are gas-oil ratio 
and bottom-hole pressure. 


MAGNOLIA POOL 


The Magnolia pool® is the most impor- 
tant petroleum accumulation so far found 
in the Reynolds zone of the Smackover 
limestone. It is an elongated anticline with 
an areal extent of 5600 acres and a closure 
of over 270 ft. This pool has been producing 
about five years and has produced about 
one fifth of the ultimate recoverable oil. 
It is currently being depleted at the rate 
of about 4 per cent per year. 

Pressure and production data, together 
with material-balance calculations, indi- 
cate a water drive. This is graphically 
shown in Fig. 5. 

About 25 million barrels of water has 
moved into the pool to date and enough 
water may be available ultimately to 


flood so per cent or more of the 425 million 
barrels of the oil and gas zones. 

Water seems to be moving into this pool 
from all sides, although local producing 
conditions make it seem that the water 
drive is coming in more from the south- 
west. This is believed to be due to 
well-completion practice and local porous 
conditions rather than to a general move- 
ment of water. 

Core data at Village and near-by dry 
holes show that the permeability and 
porosity in the Reynolds limestone is good 
on the east side of Magnolia. The Carter 
Warnock-Spring and a Phillips dry hole, 
3 or 4 miles north of Magnolia, showed 
good porosity for 100 ft. into the Reynolds. 
Big Creek and Columbia show poorer but 
definitely permeable formation to the west. 
A dry hole 5 miles south, and wells in the 
Atlanta pool, complete the ring of proven, 
porous and permeable odlitic limestone 
filled with -salt water surrounding the 
Magnolia area. 

It is concluded, therefore, from local 
and general conditions, and from the 
reservoir behavior, that for the analysis of 
the behavior of Magnolia, it is correct to 
assume no barriers to fluid flow other than 
the fault line north of the pool. It is pos- 
sible that other barriers exist, but in view 
of the arguments set forth in the section 
on Adaptability of Analysis, it is believed 
that these barriers can be treated as 
scattered heterogeneities, which tend to 
diminish the effective permeability and 
therefore can be accounted for by opera- 
tion of the analyzer. Therefore, the be- 
havior of the pool is used to determine 
these average conditions and to interpret 
the values to be used for permeability and 
effective fluid compressibility. These data 
are shown, together with similar informa- 
tion on other pools, in Table 3. 

Because of the restricted withdrawal 
rates and the water influx, this pool may 
be considered as a _ water-drive pool. 
Analysis shows, however, that the pool 
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would become a dissolved-gas-drive pool 
within a year if the rate of withdrawal 
were increased from its present 4 per cent 
per year to 8 per cent per year. 

The behavior of the pool is very sensitive 
to operating conditions. Various methods 
of operation could lead to three distinct 
types of behavior: (1) a dissolved-gas 
drive with a delayed gravity segregation 

- would result if rate of oil withdrawal were 
permitted to go above 25,000 bbl. per 
day (7 per cent per year) and no gas return 
were made; (2) total flushing by water, 
including invasion of the gas cap, first 
by oil and then by water, would result 
from a combination of two factors of high 
gas-oil ratios (2000 to 3000 cu. ft. per bbl.) 
and moderate rates of production (10,000 to 
20,000 bbl. per day). The end condition of 
this operation would be the flooding of the 
entire oil and gas zones by water some- 
time after 1975; (3) a combination of gas 
cap expansion and water drive would result 
from gas injection. The gas cap would ex- 
pand from its original 1¢ of the total to a 
maximum of 14 of the original volume of 
the gas and oil zones. For this condition, 
injected gas would retard the invasion of 
water, and if 100 per cent gas were returned 
the original pool would be 14 occupied by 
gas and 34 by water. The end point of the 
oil-pool development would be a narrow 
zone of oil between gas and water. Be- 
havior of individual wells at Village and 
Mt. Holly indicate that this zone at 
Magnolia could be narrowed to less than 
to ft. before serious operating difficulties 
developed. 

The method most likely to be effective 
seems to be one of partial control of water 
and excess gas. Possibly the net water pro- 
duction will be held to 20 per cent and the 
pool gas-oil ratio will be held below 2000 
cu. ft. per barrel. It is also likely that oil- 
production rates will be reduced gradually. 
An assumption of 3.2 per cent per year 
reduction in the oil-production rate seems 
reasonable. 


For these conditions the gas cap will not 
show appreciable shrinkage for 5 or 10 
years. It is estimated that the gas-cap 
shrinkage by 1960 would be 20 per cent, 
and that the gas cap would be completely 
invaded by oil before 1975. These and 
other conditions are indicated in Table 4. 


TABLE 4.—Results of Various Operations at 
Magnolia Predicted for 1960 


Cumu- Water 
lative re In- 
Case ee Lb. ite Assumed Conditions 
lion |g i lion 
Bbl. |°? Bbl. 
I 146 | 2,650 I20 | 100 per cent gas return; 
20,000 bbl. per day, 
20 per cent water 
2 II6 | 2,900 IIO | 100 per cent gas return; 


rate reduced to hold 
pressure at 2900; 20 per 
cent water 


3 94 | 2,400 175 | Gas¢ 2000 cu. ft. per 
bbl.; water 20 per cent; 
production-rate decline 
3.2 per cent year? 

4 125 | 1,400 330 | 16,000 bbl. per day; un- 


controlled gas and 


water 


«The 100 per cent gas return is assumed to start 
in 1945. It is assumed in the fourth case that 2000 
cu. ft. per bbl. would be reached by 1950. 

+ Present trend. 


Fig. 6 shows graphically the assumed con- 
ditions and the analyzer pressure pre- 
dictions. 

If the gas cap is permitted to shrink, loss 
of oil seems to be inevitable. On the basis 
of the assumption that the gas cap now 
has an oil or condensate saturation of 3 per 
cent; the loss of oil in the gas cap at 65 per 
cent water-drive flushing efficiency will be 
Io per cent of the oil produced, or about 
14 million surface barrels. The alternative 
to standing this loss is to hold the gas-cap 
volume constant by control of gas-oil ratio 
or injection of gas. These operations them- 
selves have potential hazards and losses, 
which, however, seem to be less than pos- 
sible by the total water drive. This analysis 
leads to the conclusion that the gain in 
total recovery by cases x or 2 over cases © 
3 or 4 would be 12 per cent. This, to- 
gether with the increased rates, might 
make gas injection economically desirable. 
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For cases 3 or 4, it is likely that water 
will be drawn from great distance to the 
pool. Interference by all of the production 
within ro miles will be a factor by 1960. 
This includes Atlanta, Big Creek, Dor- 
cheat, Macedonia, Mt. Holly, and Village. 
These may total as much as 150 million 
barrels water influx by this date. On the 
basis of proved porous aquifer, the inter- 
ference caused by this water movement 
would produce maximum pressure drop of 
250 lb. per sq. in. at Magnolia by 1960. A 
minimum figure, including the unproved 
but estimated full extent of the Reynolds, 
is 75 lb. per sq. in. The predicted pres- 
sure drop caused by interference can be 
added directly to the predicted pressure 
drop caused by the development of the 
pool itself. Probably within two or three 
years this interference pressure drop can 
be evaluated more accurately. At present it 
cannot be more closely estimated for 1960 
than the range 75 to 250 Ib. per sq. in., 
and for that reason is not included in the 
pressure prediction for Magnolia or other 
pools. 


VILLAGE POOL 


The Village pool is a small, round anti- 
cline east of the Magnolia pool, and is 
separated from Magnolia by a sharp dip in 
structure, which goes about 300 ft. below 
the top of the structure at Village. The 
closure to the east is small, the pool having 
a 35-{t. gas zone and a 22-ft. oil zone. The 
oil reservoir is about one fourth depleted 
and the current production rate for oil is 
about 7 per cent of the original reserves 
per year. 

Water is moving into the pool at about 
4000 bbl. per day. The water influx and 
other pool statistics are shown in Fig. 7. 
The movement of water into the field and 
the sustained pressures have indicated a 
powerful water drive. Part of this is due to 
the small size of the pool, but a certain 
part is due to the high effective permea- 
bility in the region of the pool. It is not 
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possible to evaluate accurately the effective 
permeability at Village because of the 
Magnolia interference, but it is estimated 
to be greater than for any of these pools. 

The W. P. Phillips No. 1, in the center 
of the Village pool, was drilled to a total 
depth of minus 7290 ft. Core analysis 
showed porous odlitic limestone to minus 
7207, or 80 ft. below the oil-water con- 
tact. The last 80 ft. below the porous 
odlitic limestone had slight permeability 
and 5 to 10 per cent porosity. It was char- 
acterized by recementation and had been 
described by the geologists as dense 
oblitic lime. 

The Village pool is surrounded on all 
sides by wells that have shown indication of 
porous, permeable, salt-water-filled, odlitic 
lime 150 to 300 ft. thick. The water influx 
has been over 8 million barrels to date 
and it is likely that_a sufficient amount of 
water will move in to keep pace with any 
reasonable production rate used. The total 
fluid necessary to invade’ the entire 
reservoir is less than four times that al- 
ready having moved into the oil zone. 

In respect to the methods of producing 
this pool, it seems that only two pos- 
sibilities present themselves: 

1. The pool can be completely produced 
by the displacing action of a natural water 
drive, possibly aided in a small way by 
water injection. In this case the oil will be © 
forced into the original gas cap and even- 
tually partially displaced by invading 
water. If the flushing action of water is 
65 per cent, the pool recovery will be a 
maximum of 45 per cent, the loss resulting 
from oil lost in the gas cap. 

2. The gas cap can be prevented from 
shrinking by the injection of gas. It is 
doubtful that this will gain more oil than 
the operation indicated above, because if 
the gas cap is held gas-oil ratios will rise to 
such a point that the operation may be- 
come uneconomic before 45 per cent of the 
oil has been recovered. 
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This pool is a border-line case, which 
would almost have to be tried before an 
answer could be obtained as to the eco- 
nomic advantage of preventing the gas 
cap from shrinking. 
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Fic. 8.—INTERFERENCE EXPRESSED IN TERMS 


OF PRESSURE DROP. 

One important factor in the future be- 
havior of the Village pool will be the 
interference caused by production at 
Magnolia. Fig. 8 gives an indication of an 
estimate of this interference. It is evident 
from this figure that the pressure behavior 
at Village is more affected by the operation 
of Magnolia than it is by the production of 
fluids at Village itself. 

The method of analysis to determine the 
extent of this interference was based on a 
comparison of the behavior of this pool 
before the Magnolia pool had a chance of 
causing appreciable interference, with the 
behavior after the Magnolia pool effect 
had become predominant. The analyzer 
was used for the estimation of both 
effects. 


Mr. Hotty Poor 


The Mt. Holly pool, 5 miles east of 
Village and 7 miles northwest of Schuler, 
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is a small oval anticline with a gas cap 
about the size of the one at Village, but 
with an oil zone only a little more than 
one half that of the Village pool. This 
pool is less than 2 years old and yet it is 
clear from its behavior that the pool has 
a water drive comparable to that found 
for the other pools in this area. 

To date the oil production has been 
about 5 per cent of the pool’s ultimate. 
The current rate of production is 20 per 
cent per year. Water influx calculations 
are shown in Fig. 9. As with Village, there 
seems to be no question but that sufficient 


water will be available to produce all of 


the oil in this reservoir and to provide 
water for pushing this oil through the gas 
cap. The loss of oil in the gas cap of this 
pool will be large. It is such a large factor 
that if the flushing efficiency is 65 per 
cent, the recovery factor will be less than 
30 per cent, and if the flushing efficiency is 
80 per cent, the recovery factor will be 4o 
per cent. It may be necessary to accept 
this low recovery because of the thin oil 
section and the small size of the pool. 

It is likely that gas injection to prevent 
the shrinkage of the gas-cap will not be 
put into practice at Mt. Holly. TLerefore, 
it seems that the recovery from this pool, 
although it has a good water drive, will be 
between 30 and 4o per cent. 

Interference at this pool from other — 
production in the area should be small, 
and, because of the other factors control- 
ling the production and ultimate recovery, 
such interference as is possible will be of 
negligible importance. 


SCHULER (REYNOLDS) Poot 


The Schuler (Reynolds) pool? lies 
directly under the Schuler (Jones) sand 
pool. It was discovered in October 1937, by 
a well that originally was brought in as a 
gas well and that produced 2 billion cubic 
feet of gas before the underlying oil zone 
was discovered. The gas and oil of the pool 
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lie in a symmetrical anticline, which is flux and other data are shown in Fig. to. 
separated from the rest of the general It has sustained the pool pressure 225 Ib. 
Schuler anticlinal structure by a saddle below the original pressure. Analysis 
that dips below the water-oil contact. shows that unless other interfering pools 
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Fic. 10.—SCHULER PRODUCTION AND PRESSURE DATA. 
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The dominant feature of the Schuler are discovered very near to the Schuler 
(Reynolds) pool is its water drive. To pool, it will have sufficient water influx to 
date the water influx has amounted to produce all of the oil by a natural water 
more than nine million barrels. Water in- drive. The future requirement for this 
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will be 20 to 40 million barrels, depending 
upon the permitted water production. 

Dry holes to the east, southeast, and 
south have shown porosity, permeability, 
and salt water. Pools and dry holes to the 
northwest and west indicate that Schuler 
is entirely surrounded by a porous, per- 
meable, salt-water-filled aquifer. 

The Justiss No. 3 shows porous, per- 
meable, odlitic limestone to a depth of 
minus 7500 ft., or 80 ft. below the oil- 
water contact. Some porosity is found for 
100 ft. below this, and 500 ft. below the 
top of the structure the well was drilling in 
dense, tight lime with dark argillaceous 
bands. No porosity whatever seems to 
have been found below 260 ft. from the top 
of the structure. 

In analyzing the behavior of this pool, it 
was necessary to make more assumptions 
concerning the limits of the formation 
than in any of the pools so far discussed. 
However, as far as the pressure behavior is 
concerned, the predictions forthis pool 
probably will be comparable in accuracy 
to the other predictions because of the 
small pressure drop to be anticipated in 
the development of this pool. Pressure pre- 
dictions for various assumed conditions 
are shown in Fig. rr. 

Since one fourth of the original gas cap 
was withdrawn in the first few months, 
leaving the gas cap less than one tenth 
of the total reservoir, and since the water 
drive has demonstrated its large capacity, 
it seems unlikely that there would be any 
possible economic advantage from attempt- 
ing to prevent further shrinkage of the 
gas cap. This shrinkage will begin as soon 
as the gas-oil ratios become appreciably 
higher than their current values. 

In comparison of the losses at this pool 
with those at Mt. Holly, it may be noted 
that with 65 per cent flushing efficiency 
the reservoir recovery factor would be 55 
per cent, whereas with 80 per cent flushing 
efficiency the recovery factor would be 
72 per cent. 
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As at Village and Mt. Holly, the current 
withdrawal rate at this pool is high. Based 
upon an estimated ultimate recoverable of 
13 million barrels, one third of the original 
reserves has been obtained, and the cur- 
rent rate is 6 per cent per year. 


BUCKNER POOL 


The Buckner pool is an asymmetrical 
anticlinal fold lying almost against the 
regional fault zone. There is a dip to the 
east of the pool which has poor permea- 
bility and porosity and which led to the 
early definition between East Buckner and 
West Buckner. The larger part of the pool 
is west of the dip. The Buckner pool has — 
been producing almost six years and has 
produced more than four million barrels of 
oil. Water influx is shown in Fig. 12. 

The pool has a water drive which, al- 
though being limited in its power, has been 
able to hold the pool pressure to a reduc- 
tion of 650 lb. The continuation of the 
water drive and its power to sustain the 
pressures above saturation pressure depend 
upon the source of the water. 

It is believed that no fluid migration can 
take place across the regional fault zone 
because of the nature of the Reynolds zone 
near the fault, even though at some points 
the throw of the fault might not separate 
entirely the porous zones. Therefore, for 
the purpose of analyzing the Buckner 
problem, it is assumed that the fault zone 
represents a barrier to fluid flow. 

Six miles northeast of the Buckner pool, 
a dry hole was drilled, which found 88 ft. of 
relatively poor porosity and permeability. 
Seven miles southeast of the pool is Big 
Creek and a dry hole. The latter well 
found 64 ft. of 14 per cent porosity and 
5 to 10 md. permeability. Nine miles 
southwest are the McKamie and Patton 
pools, which show about 200 ft. of medium 
permeability and porosity. Five niles 
west is a well in the Lewisville pool show- 
ing over 50 ft. of highly porous but prac- 
tically impermeable rock. 
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An analysis of the Buckner problem 
shows that the over-all average permea- 
bility near the pool must be about 50 md., 
but this is indicated as diminishing to one 
half at 5 miles from the pool and as con- 
tinually decreasing further away from the 
pool. Evidence from wells drilled to the 
south and west indicate that permeability 
should be getting better in these directions 
if some unknown factors are not involved. 

The indication of an over-all diminution 
of permeability with distance from the pool, 
together with the fact that Buckner does 
not show any appreciable amount of 
hydrogen sulphide whereas all other 
Reynolds pools south of the fault zone do, 
make it seem possible that the Buckner 
pool may be partially isolated. If this 
pool is totally or partially isolated, its 
behavior in the future will be considerably 
different from predictions based upon the 
observed assumptions. Isolation of the 
pool would mean a more rapid pressure 
decline in the future than predicted. Pre- 
dictions shown in Fig. 13 are based upon 
over-all homogeneous porous-media con- 
ditions. The effect of water injection as an 
aid to sustaining pressure is also shown in 

, this figure. These pressure predictions and 
a more complete discussion of this problem 
was first presented in a special unpublished 
report by Bruce M. Bradley. 

In this study of Buckner it has been 
assumed that all of the oil zone is con- 
nected. Hence, the figure of 43.3 million 
barrels of oil in place computed for the 
total pool was the figure used in all 
material-balance calculations for water 
influx. Actually it has not been demon- 
strated that oil can be moved out of a large 
part of the pool, which has high porosity 
but almost vanishing permeability. If a 
slowly rising water table is free to move up 
uniformly at Buckner, more than 20 
million barrels of oil may be recovered 
from this pool. If, however, water moves 
horizontally along the upper, more per- 
meable streaks, less than half this amount 
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will be realized. Contemplated tests should 
tell in a few years which of these two widely 
different recoveries can be anticipated. In 
any event, it seems necessary to produce 
this pool very slowly for a maximum 
recovery. 


Mipway Poor 


The Midway pool is the only major 
petroleum accumulation discovered north 
of the regional fault zone in the Smackover 
lime. It is an elongated anticline 414 miles 
long by 1 mile wide, with a closure of 
more than 200 ft. The original reservoir 
pressure was 2920 lb., and the saturation 
pressure of the reservoir oil was 2528. 

This pool has been in production for 
1344 years, during which time about 2 
million barrels of oil has been recovered 
and 2 million barrels of water has moved 
into the pool. 

The movement of water into this pool 
to date has indicated the presence of a 
reasonably powerful water drive. Fig. 
14 shows the calculated water influx. In 
regard to the future power of this water 
drive, it should be noted that the pool is 
bounded on all sides by barriers. The 
original fault line is 334g miles to the south- 
east. The northern limit of the Smackover 
formation is ro miles to the north, and dry 
holes drilled 6, to, 18, and 23 miles to the 
west indicate a gradual but definite thin- 
ning of the porous zone. One dry hole 
18 miles west of Midway has less than 34 ft. 
of very poor porosity. Incomplete evidence 
indicates that the porous zone is also thin- 
ning to the northeast. 

As far as these factors are known, they 
have been taken into account in an analysis 
of the behavior of Midway and in a predic- 
tion of future pressures. This pressure 
prediction is shown in Fig. 15. 

The operators?® of this pool have started 
a program of water injection (see Fig. 14 
for rates) and from the early success of this 
program it is anticipated that water injec- 
tion will be continued into the future. The 
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The bottom graph shows the expected effect of injection. 


DICTED AND OBSERVED PRESSURES FOR THREE WELL GROUPS AT BUCKNER 
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Fic. 14.—MIDWAY PRODUCTION AND PRESSURE DATA. 
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effects of various possibilities under con- 
sideration are shown in the pressure pre- 
dictions of Fig. rs. 

The injection of water has been made in 
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an abandoned dry hole, which was deepened 
to the base of the porosity. The injection 
well was cased 100 ft. below the water-oil 
contact, to avoid the possibility of water 
channeling. This enterprise is to be dis- 
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Iwata 


tinguished from a water flood. The opera- 
tors hope to add water to the prevailing 
natural water drive and to use that water 
to sustain pressures rather than to drive 


Fic. 15a. 
Fic. 15.—PRESSURE PREDICTIONS AT MIDWAY MADE JUST BEFORE INJECTION. 
Squares represent measured pressures after the prediction 
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the oil horizontally to the producing wells. 
If this project is successful, water will rise 
in a rough horizontal plane. Early effects 
of the injection on distant wells will be a 
mark of success, 
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The effect of this water injection is two- 
fold. It will sustain pressures, thereby pro- 
longing the flowing life of the wells, and 
it will prevent the gas from coming out 


of solution by holding the reservoir pres- 
sure above the saturation point. In the 
analysis of this problem considerable 
modification of the analyzer was necessary 
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although the fundamental principles pre- 

viously described’ were followed. 
Core-analysis information indicates that 

at least 50 per cent flushing action may be | 
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anticipated in this pool. If no water in- 
jection were made at this pool and normal 
water production could be assumed, more 
than roo million barrels of water would 
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have to invade the pool in order to pro- 
duce all of the oil anticipated as a possible 


_ maximum recovery. 


It is doubtful whether so much water 


will be less than one tenth of this amount 
and the limitations of the water reservoir 
will be relatively unimportant as far as the 
future behavior of Midway is concerned. 
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would be available by the expansion of the 
water now known to be in this part of the 
Smackover formation. On the other hand, 
if the injection program continues as 
planned, the requirement of water influx 


McKamie Poor 


The McKamie pool is a gas-distillate 
accumulation in an anticlinal structure of 
the Reynolds lime. Its structural condition 
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is complicated by two faults, neither of 
which has been completely defined. It is 
possible that both of these faults are 
localized to the area of the uplifted anti- 
cline. The effect that they have had so far 
upon the influx of water into this pool 
has been to diminish the rate of influx to 
one half that which would normally have 
been expected in this part of the Smackover 
limestone (Tables 1, 2, and 3). The effect 
of these faults on the future behavior of 
the pool can only be roughly estimated at 
this time. To date it is estimated that 4 
million barrels of water have moved into 
this pool. This has been accompanied by a 
pressure decline of 270 pounds. 

Direct evidence that this pool has a 
water drive has been the rise in pressure 
from an average of 4140 to 4170 in the four 
months that it has been shut down (pend- 
ing the construction of a desulphurization 
plant). For a complete picture of the 
pool’s behavior see Fig. 16. 

The behavior of this pool to date indi- 
cates that a production rate of 2000 bbl. 
of distillate and 16 million cubic feet of 
gas can be continued for the next 10 years 
with an end pressure of 3700 lb. Thus, it 
may be seen that while the water drive at 
this pool is not sufficient to sustain the 
pressure and prevent any loss from reser- 
voir condensation, it will aid in retarding 
the pressure decline. It is estimated that 
without water drive the decline in pressure 
would be almost double that estimated 
on the assumption of the water drive so 
far indicated. The effect of the faults on 
this prediction will make the prediction on 
the low side if the faults are not extensive 
and on the high side if other faults not 
considered are present. The recent pres- 
sure build-up makes the presence of other 
extensive faults unlikely. 

The smallness of this pressure build-up 
is due to the large gas cap and its cushion- 
ing effect. On the basis of the geologically 
determined gas in place, a pressure build-up 
of one pound in the range 4140 to 4170 
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represents the influx of 40,000 bbl. of 
water. Hence, 30 lb. per sq. in. indicates 
1,200,000 bbl. in four months, although the 
amount of gas being taken from the pool in 
this interval was negligible. 


ATLANTA POOL 


The Atlanta pool has not been analyzed 
with the care and detail devoted to the 
first seven pools discussed. The gas data 
in the early days were open to question, 
hence it is desirable to wait until these 
early inaccuracies have a less important 
bearing upon current behavior. 

The limited study made on the Atlanta 
problem indicates that the pool has a good 
water drive. Table 3 shows the effective 
permeability and water-compressibility 
data. As to future water available, the 
nature of the Smackover south of the pool 
is not well enough known to make a pre- 
diction beyond 10 years, but at the present 
rates it seems that this pool will be largely 
depleted in another 10 years, in which case 
the question of available water supply may 
be relatively unimportant. 


Bic CREEK AND TEXARKANA POOLS 


Two one-well distillate pools, Big Creek 
and Texarkana, are included in this report 
only to indicate that each has good water 
drive even though the porous-media con- 
ditions are poor. For every barrel of dis- 
tillate produced, about 25 bbl. of reservoir 
gas must be withdrawn; hence 200 bbl. per > 
day means 5000 subsurface barrels. This is 
only partly offset by the expansion of gas 
in place. The current rate of water influx 
at Big Creek is estimated to be 2500 and 
at Texarkana is 1500 bbl. per day. 

Factual data for the pools are shown in 
Tables 1 and 2. Obviously the data on 
volume and area are questionable, even 
for Big Creek, where two dry holes flanked 
the producer and thereby indicated the 
shape of the structure. These inaccuracies 
should not affect the water-influx data 
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more than 20 per cent. Water influx has 
been 214 million barrels at Big Creek and 
1 million barrels at Texarkana. 


DorRCHEAT AND MACEDONIA POOLS 


The Dorcheat. and Macedonia pools 
originally were thought of as two separate 
pools. Dorcheat was discovered Aug. 28, 
1939. The discovery well encountered 
good oil-filled porosity, and was perforated 
from minus 8641 to minus 8655. The well 
flowed 43.5° gravity oil and 1000 cu. ft. of 
gas per barrel, indicating that the oil zone 
was probably very thin. Dorcheat has 
produced nearly 2 million barrels of oil and 
18 billion cubic feet of gas. During this 
time there has been a drop in pressure of 
930 pounds. 

Macedonia, which was developed some 
two years later than Dorcheat, has pro- 
duced 600,000 bbl. of oil and 7 billion 
cubic feet of gas. The pressure drop has 
been 430 pounds. 

Thus, for a matter of 3 years the pres- 
sure differential from Macedonia to Dor- 
cheat has been between 400 and soo lb., 
and it seems almost certain that oil has 
moved from the Macedonia into the 
Dorcheat pool. This is indicated in the 
calculations of water influx. Considering 
the pools as separate, water influx for 
Dorcheat has been 2.3 million barrels. For 
Macedonia, the calculated ‘‘ water influx” 
has been negative. If this calculation can 
be trusted, it means that more fluid has 
moved out of the pool—and presumably 
migrated into the Dorcheat area—than 
water has been able to enter the pool area. 
This last conclusion is open to a certain 
amount of question, owing to inaccurate 
and inadequate gas-production data. One 
indication of the possible inaccuracies of 
these data is the negative water influx 
indicated for Dorcheat during its first 
year’s production, although the total is 
now positive. 

Regardless of these inaccuracies, water 
is moving into these two pools, considered 
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as a unit, and in the future the amounts 
will be determinable. 

Direct evidence of the water movement 
has been the rise in pressure observed in 
both areas after the pool was shut down 
pending a market for the gas. Between 
March 5 and April 8 the average pressure 
of both zones rose 100 pounds. 

Analysis of the Dorcheat behavior alone 
indicates a lower effective permeability 
than for any other Smackover pool so far 
studied. 


WATER-DRIVE EFFICIENCY 


Now that the presence of water drive 
has been established for each of the pools 
in this-formation, the next question is the 
efficiency with which the inflowing water is 
displacing oil. The first assumption that 
will be made concerning water-drive eff- 
ciency is that the general movement of 
water will be vertical. A good basis for 
this assumption lies in the high vertical] 
permeability found in most places, but 
even in spots that have barriers to direct 
vertical flow the general motion of water 
will have a vertical component due to the 
structural conditions. Therefore, if the 
motion of water is slow, and in most places 
it is likely not to exceed 5 vertical feet 
per year, the forces of gravity can be relied 
upon to maintain a roughly plane hori- 
zontal water table. 

From this assumption as a base, three 
lines of approach will be used to give an 
indication of the water-drive efficiency: 

First, it will be noted that laboratory 
experiments dealing with sands and with 
fragments of cores taken from very porous 
parts of the Smackover formation have 
shown that water moving up slowly through 
the porous medium can be expected to 
displace as much as 95 per cent of the 
original oil in place. The commonest con- 
dition is a displacement of oil corresponding 
to 80 per cent of the pore volume. In some 
cases of poor permeability, displacements 
as low as 50 per cent have been observed. 
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Thus, a range of 50 to 95 per cent, with a 
most likely value of 80 per cent, has been 
indicated for the highly permeable, porous 
media used in laboratory experiments 
under ideal conditions. 

Second, residual fluids in cores can be 
used to infer what was in place in the 
reservoir and how much was removed in 
the coring operation. A core properly 
handled and brought into the laboratory 
has oil, connate water, and drilling water 
in it. These fluids are not in the same pro- 
portions as they were prior to the drilling 
operation. During the drilling and cutting 
of a core the drilling fluid forces some oil 
and water out of the core. The remainder is 
brought to the surface, but during the trip 
portions of both oil and water are expelled 
by the expansion of gas released from the 
oil. Laboratory and field experiments have 
demonstrated that the amount of oil ex- 
pelled during this process is unlikely to 
exceed one third of the amount remaining 
and is proportionately less for smaller 
quantities of residual oil. 

On the basis of this, it has been assumed 
that an indication of minimum flushing by 
water could be obtained by taking an 
average of the residual oil found in cores, 
adding to that one third, and correcting 
for shrinkage. On the basis of this assump- 
tion, the flushing efficiency of Buckner 
would be 56 per cent, at Village 78 per 
cent, at Schuler 75 per cent, and at 
Magnolia 69 per cent. These first two 
methods fail to account for the loss of oil 
caused by trapping against some closed 
vertical barrier or oil by-passed and left 
locked in zones already flooded. 

A third method of estimating flooding 
efficiency is based upon the observed water 
produced in wells. This can be used suc- 
cessfully only where the sand is fairly 
homogeneous and highly permeable, be- 
cause without homogeneity the apparent 
position of the water-oil contact depends to 
a great extent upon local anomalies. The 
use of this method also demands accurate 
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knowledge of the original oil in place and 
of the original water-oil contact. Applica- 
tion of this method to the Village and 
Schuler reservoirs has been made as 
follows: Fig. 17 shows the original position 
of the water-oil contact for these pools 
and its estimated location in January 1943. 
Information on the Village pool seems to be 
the moré accurate of the two studied, and 
this indicates between 58 and 82 per cent 
oil flush from the porous, oil-filled lime 
invaded by water. The Schuler data indi- 
cate over 50 per cent flushing efficiency. 

All known factors governing the be- 
havior of oil and water in porous media 
indicate that the average flushing efficiency 
at these two pools should be as high, if not 
higher, than that anticipated for any of 
the other pools, so that the minimum of 58 
per cent at Village should not be taken as 
proof that at least 58 per cent efficiency is 
to be expected in all of the Smackover 
pools. 

It should be remembered that this dis- 
cussion pertains to the flushing efficiency 
of water for oil in a zone through which the 
water is passed, and does not refer to the 
over-all pool-recovery factor, which must 
always be lower than the efficiency of a 
particular section considered. 


COMPARISONS 


Table 3 contains the results of the 
analysis of each water drive. The pro- 
cedure was to adjust the analyzer? until 
it reproduced the pressure history of the 
pool. The values of resistors and capacitors 
necessary for accurate reproduction, to- 
gether with the factors L, M, and N neces- 
sary for conversion from reservoir to 
electrical units, determined two physical 
quantities: (1) the transmissibility factor 
kb/v (permeability times thickness divided 
by viscosity), and (2) the storage capacity 
(effective compressibility times porosity 
times thickness—in the table, the esti- 
mated porosity was divided out). These 
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values were arbitrarily determined for a 
zone about 5 miles from the pool considered. 

These results show some variation but 
nothing like the variation of the porous 
media in individual pools. None of the 
transmissibility factors are more than 
‘double or much less than half the average, 
whereas in Table 1 it may be observed that 
permeabilities within the pools vary as 
much as thirty-fold. 

A larger variation among the storage 
factors will be noted. This reflects in part 
the insensitive nature of this determination 
by analysis; also, in part it reflects lack of 
geological information about location of 
minor faults, the possibility of impermeable 
synclincal areas, and so forth. 

In regard to the average transmissibility 
factor, it will immediately be observed 
that the average permeability is lower than 
that indicated inside any pool. Based on 
100 ft. of porous formation, the average 
permeability is 30 md. and the highest is 
less than 60 md. This may be interpreted 
to mean that the Reynolds lime is effec- 
tively less permeable in the areas between 
pools than in or very near any pool. While 
this hypothesis is not unique, it is strongly 
indicated by these analyses because all 
other hypotheses tested failed to give 
reproductions of the observed behaviors. 
From a geological point of view, this 
reduction in permeability is not unrea- 
sonable, since, aside from possible barriers 
created by diastrophism, there is the 
indication that secondary processes con- 
tributed to higher permeabilities in the 
higher parts of the formation. It is not an 
unreasonable hypothesis that final lithifi- 
cation left synclinal areas almost totally 
impermeable. 

The average storage factor shown below 
Table 3 indicates an effective compressibility 
about twice that of water as measured in 
the laboratory. 

It is believed that a comparison of the 
size and shape of these pools with the 
apparent transmissibility as determined 
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by analysis may illustrate some of the 
fundamental principles of water drives. 
Note that kb/v for Magnolia is about the 
same or a little higher than for Schuler, 
and yet note that the apparent water 
drive at Schuler is much better than at 
Magnolia. The explanation for this is a 
part of the fundamentals of compressible 
liquid behavior in a porous media; namely, 
in a given homogeneous aquifer, the smaller 
the pool, the more powerful the water 
drive, if the withdrawal rates are based on 
acreage or reservoir volume. 

Another principle illustrated by the 
data is that a large pool very near a small 
one may have a greater influence on the 
pressure behavior of the smaller one than 
the production at the smaller one does on / 
itself and, if this effect becomes appre- 
ciable in one or two years, it will become 
progressively greater with time. 
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Prediction of Reservoir Behavior from Laboratory Data 


By E. C. Basson,* MEemBer A.I.M.E. 
(Los Angeles Meeting, October 1942) 


ABSTRACT 


In order to explore the possibility of predict- 
ing reservoir performance from laboratory 
data, behavior of a hypothetical low-permeabil- 
ity reservoir has been estimated by applying 
data and methods currently available in the 
literature. A method of calculating decline in 
productivity index is discussed, and recoveries 
by internal gas drive, external gas drive and 
water drive are estimated. 


INTRODUCTION 

During the life of a producing oil prop- 
erty an operator is faced with many per- 
plexing problems. Any attempt to deter- 
mine proper well spacing, optimum rate of 
production, or the desirability of pressure 
maintenance requires the evaluation not 
only of a host of economic and practical 
operating factors but also of the future per- 
formance of the reservoir. Although in 
some cases economic or operating con- 
siderations may be of primary importance 
in planning a development or production 
program, the anticipated effect on ultimate 
recovery is more likely to be the decisive 
factor. 

The soundest basis for evaluating reser- 
voir performance is past experience with 
oil fields, but pertinent data are difficult to 
obtain or apply under conditions normally 
encountered in California fields. Many of 
these fields are characterized by thick 
sections of alternating sands and shales 
complicated by faulting and rapidly chang- 
ing lithologic conditions. Further compli- 
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cations are introduced by haphazard 
development and production practices 
resulting from competitive conditions, 
changing demand for oil, and insufficient 
knowledge of structural conditions during 
early development. Even in the rare cases 
where development has been systematic 
and adequate, production policy has usually 
been controlled by economic and competi- 
tive factors rather than a desire to obtain 
information for use in future operations. 
In other words, comparable reservoirs in 
which development and production prac- 
tices have been systematically varied are 
seldom found. 

In the light of these conditions, conclu- 
sions based on experiences usually lack the 
certainty required for decisions involving 
large sums of money. Some other method 
of attacking these problems is needed to 
supplement and orient field experience. 
Progress in laboratory investigations of 
the flow of oil, gas, and water through 
sands has been so rapid in recent years. 
that these data may furnish such a sup- 
plementary approach in the near future. 
In order to explore this possibility the 
author has attempted to predict the be- 
havior of one type of reservoir by applying 
published data and methods. 


Basic DATA AND AssuMPTIONS 


Calculations outlined in this paper are 
dependent upon a detailed knowledge of 
the properties of oil, gas, and water present 
in the reservoir and the portion of the 
total pore space originally filled by each. 
It is also necessary to know how the perme- 
ability of the sand to oil, gas, and water 
varies with the saturations of these fluids 
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in the sand. Furthermore, it has been 
necessary to make certain simplifying as- 
sumptions in order to perform the calcula- 
tions within a reasonable period of time. 
In making assumptions and choosing data, 
the writer has attempted to duplicate as 
nearly as possible conditions encountered 
in certain California oil fields. 

The hypothetical reservoir used in the 
calculations was assumed to have a porosity 


_ of 21 per cent, of which 25 per cent was 


originally filled with water and 75 per cent 
with oil containing 700 cu. ft. of dissolved 
gas per barrel of tank oil. Reservoir tem- 
perature was 210° and original pressure 
was 3000 lb. per sq. in. abs. Properties of 
the oil and gas were assumed to be similar 
to those of Dominguez oil and gas de- 
scribed by Sage and Lacey.'? Volumetric 
data for both oil and gas and viscosity 
data for the oil phase were taken from these 
papers. Viscosity data for a ‘‘lean natural 
gas” given by Sage and Lacey in another 
paper® were used for the gas phase in the 
present investigation. These phase data 
indicate that the bubble point of the 
original reservoir contents was 3000 lb. 
per sq. in. abs. and that the initial forma- 
tion volume factor was 1.42. It was as- 
sumed that the oil and gas in the reservoir 
maintained phase equilibrium at all times. 
This assumption may not be strictly true, 
but calculations are almost impossible 
without it. 

Sand permeability was assumed to be 
too low to permit appreciable recovery of 
oil by gravity drainage. Despite this 
assumption, it was necessary to use the 
data of Leverett and Lewis‘ on the rela- 
tion between the relative permeabilities to 
oil, gas, and water and the saturation of 
these fluids. Their data seem inappropriate 
because an unconsolidated sand of very 
high permeability was used in their experi- 
ments, but no other data on the flow of all 
three phases through sands have been pub- 
lished. Botset® obtained data on the flow 
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of mixtures of carbon dioxide and water 
through a consolidated sand of moderate 
permeability. An attempt was made to ad- 
just his data for the presence of a third 
phase, but the basis for this adjustment 
was not too satisfactory. Furthermore, the 
data of Krutter® on the flow of gas through 
oil-saturated consolidated sands seem to 
agree more closely with Leverett and Lewis 
than with Botset. 

Because these data of Leverett and Lewis 
form the keystone of this entire paper, a 
brief review of their’ conclusions seems 
appropriate. They concluded that a sand 
could be considered to have simultaneously 
an effective permeability to oil, an effective 
permeability to gas, and an effective 
permeability to water, and that variables 
other than the oi], gas, and water satura- 
tions affected these permeabilities only to 
a very minor degree. (In this paper the 
terms ‘‘oil saturation,” ‘‘gas saturation,” 
and “‘water saturation” mean the per- 
centage of the total pore space occupied by 
the corresponding phase in the reservoir.) 
Effective permeabilities were expressed 
not in millidarcys but as _ percentages 
relative to the permeability of the sand 
to air. The relative permeability to each 
phase was roo per cent at too per cent 
saturation of that phase and decreased as 
the saturation decreased. 

As oil is produced from a sand, the oil 
saturation decreases and the space thus 
voided becomes filled with either gas or 
water, or both. Thus the permeability of 
the sand to oil decreases and the permeabil- 
ity to gas or water increases. In oil fields 
we see the effects of these changes in de- 
clining productivity indices and rising 
gas-oil ratios and cuts. The data of Leverett 
and Lewis furnish a means by which pro- 
ductivity index, gas-oil ratio, and water 
cut can be related to stage of depletion. 


DECLINE IN PRODUCTIVITY INDEX 


One source of great concern to the produc- 
tion engineer is the decline in productivity 
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index usually observed in depletion-type 
fields. Various explanations have been 
offered to explain this decline—transporta- 
tion of silt, precipitation of asphaltenes, 
accumulation of water near the well bore, 
and plugging of perforations in the liner. 
While all these factors may contribute to 
the decline, published data on the relation 
between permeability to oil and oil satura- 
tion indicate that the productivity index 
must decline as the oil in the neighborhood 
of a well is depleted. Since low productivity 
indices can result in early abandonment of 
wells, it is important to know what causes 
the observed decline and what can be done 
about it. In order to throw some light on 
this problem, an attempt has been made to 
determine how the productivity index 
should vary with pressure and gas-oil ratio 
for the assumed reservoir conditions. By 
checking this theoretical decline against 
actual declines observed in wells producing 
from similar reservoirs, it may be possible 
to determine whether the observed decline 
can be accounted for by depletion alone or 
whether some other cause must be found. 

A method described by Evinger and 
Muskat’ has been used in making the 
calculations. This method assumes that 
flow through sand is steady with respect 
to both mass and composition of the 
flowing stream. Since the present calcula- 
tions are for the purpose of estimating the 
change in productivity index rather than 
its absolute magnitude, the equation of 
Evinger and Muskat has been modified 
to give a relative productivity index. 


SpA aah eee 
= [x]* 


In which J; is the productivity index 
under some standard reservoir conditions 
and at a pressure differential approaching 
zero. (In this paper the term “pressure 
differential” refers to the difference be- 
tween the static and producing pressures 
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in a well, and this difference is considered 
to be equivalent to the term (P. — Py) in 
Eq. 1). Since the choice of standard 
conditions is purely a matter of con- 
venience, initial conditions in the assumed 
reservoir were taken as standard. When 
the corresponding permeabilities and vis- 


cosities are substituted in Eq. 1, the 
following equation results: 
: By NE 
yes 12.2 P. Kf. iP [2] 
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In order to solve this equation it is 
necessary to know how the relative per- 
meability to oil K,/K varies with pressure. 
This can be determined by utilizing another 
equation of Evinger and Muskat: 


(R — M)u, 


IIR = 
o/ pie 


The variation of the ratio of effective 
permeabilities to gas and oil, K,/Ko, 
with pressure can be established for any 
produced gas-oil ratio R by assuming 
different pressures and substituting appro- 
priate values for the remaining factors. 
The relative permeability to oil K./K, 
corresponding to any value of K,/K. can 
be determined from the data of Leverett 
and Lewis if the water saturation is known. 
The expression following the integral 
sign in Eq. 2 can then be evaluated as a 
function of pressure, and the relative 
productivity index can be obtained by 
graphical integration. 

Results of these calculations for a 
series of gas-oil ratios and pressures are 
shown in Fig. 1. The correct method of 
calculating a relative productivity index 
for a given gas-oil ratio is to determine the 
area under the appropriate curve between 
the static and producing pressures and 
divide this area by the pressure differential. 
Under most conditions, however, the 
curves in Fig. x are almost linear, and for 
moderate pressure differential the relative 
productivity index can be read directly 
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from the chart by using a pressure midway 
between the static and the producing 
pressures. 

These curves show what Evinger and 
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per sq. in. for several weeks, the saturation 
distribution around the well will gradually 
adjust itself to this pressure gradient and a 
certain productivity index will be attained. 


PRESSURE 


ABS. 


P.S.I. 


Fic. 1.— RELATION BETWEEN PRODUCTIVITY INDEX, GAS-OIL RATIO, AND PRESSURE AT 25 PER CENT 
WATER SATURATION. 


Muskat have already stated—that the 
productivity index decreases as the pres- 
sure differential increases. At first thought, 
this seems contrary to field experience 
because indices of actual wells do not 
vary in any predictable manner with 
pressure differential. A possible cause of 
this discrepancy becomes apparent when 
the matter is given further consideration. 
Productivity index is a function of the 
average permeability of the sand to oil, 
which in turn is a function of the saturation 
distribution in the sand. If a well is pro- 
duced at a pressure differential of 200 Ib. 


If the well is then opened up to a differen- 
tial of 1000 Ib. per sq. in., the saturation 
distribution around the well will tend to 
change and the productivity index will 
tend to decrease. Since a large volume of 
oil must be moved in order to alter the 
saturation distribution, the process re- 
quires considerable time. If a test is 
made on the well a day or two after the 
production rate has been increased, it is 
probable that the saturation distribution 
will have changed only slightly and the 
productivity index will be practically the 
same as at the lower rate. Because of this 
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behavior the pressures used in evaluating 
a productivity index by means of Fig. 1 
should relate to the normal production 
rate of the well rather than conditions 
during a short-time test. 

In order to illustrate how these results 
can be used in predicting the decline in 
productivity index, an illustrative example 
will be worked out. If a well has a pro- 
ductivity index of 1.5 when the gas-oil 
ratio is 1000 cu. ft. per barrel, the static 
pressure is 2500 lb. per sq. in. abs., and 
the producing pressure is 2300 lb. per 
sq. in. abs., what will the productivity 
index be at a gas-oil ratio of 2500 cu. ft. 
per barrel, a static pressure of 1500 lb. 
and a producing pressure of 1000 lb. per 
sq. in.? From Fig. 1, it can be determined 
that J/J, for the first set of conditions is 
0.523, so J; is equal to 1.5/0.523, or 2.87. 
For the second set of conditions J/J, is 
0.264 and the productivity index is 
0.264 X 2.87, or 0.76. Preliminary applica- 
tion of this method to data on several 
wells in a depletion-type field of low 
permeability has shown that the produc- 
tivity indices actually decline somewhat 
less than the calculations indicate. As 
far as the wells studied are concerned, 
depletion of the oil can tentatively be 
considered the principal cause of pro- 
ductivity-index decline. 


INTERNAL GAS DRIVE 


In general, oil can be recovered from a 
sand by four methods: (1) internal gas 
drive, (2) external gas drive, (3) water 
drive, and (4) gravity drainage. Internal 
gas drive is the normal depletion process 
in which oil is displaced by originally 
dissolved gas. External gas drive is a 
process in which a gas front advances 
through the sand, displacing oil ahead of 
it. Water drive operates by a similar 
mechanism with water as the displacing 
fluid. In sands of high permeability large 
quantities of oil can be recovered by 
gravity drainage. In most reservoirs all 
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four of these processes are operative in 
some degree, but usually only one or two 
of them are important from the standpoint 
of recovery. 

In this paper gravity flow is considered 
to be an unimportant factor in production 
on account of the low permeability of the 
sand, and if natural water drive is ineffec- 
tive, the operator is in a position to choose 
the method by which oil is recovered 
from the sand. If the operator simply 
produces oil from all his wells until they 
no longer yield a profit and then abandons 
them, the reservoir will have been depleted 
by internal gas drive. This method has 
been applied almost universally in the 
past, largely because of its simplicity. 

Given the relation between oil saturation 
and the relative permeabilities to oil and 
gas, it is possible to calculate future trends 
of static pressure, productivity index, and 
gas-oil ratio for wells producing from a 
reservoir of this character by considering 
flow through the sand as a succession of 
steady states. If the wells are produced 
at appreciable pressure differentials the 
area around a well should be divided into 
rings and the flow between these rings 
investigated in detail in order properly 
to evaluate saturation gradients. It is 
entirely feasible by this method to cal- 
culate future trends of pressure and 
productivity for the entire producing 
life of a reservoir, but, unfortunately, 
the task. is an extremely laborious one 
and has, therefore, not been attempted. 
This is regrettable, for such calculations 
might furnish information useful in deter- 
mining optimum well spacing and optimum 
rate of production, providing that data 
pertinent to the actual sand in the reservoir 
could be used. 

Since time was not available for the 
more detailed calculations, future trends 
for the hypothetical reservoir have been 
estimated by assuming that the oil is 
produced at negligible individual well- 
pressure differentials. It is realized that 
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calculations for high-pressure differentials 
would probably indicate more rapidly 
rising gas-oil ratios together with a more 
rapid pressure decline, but it seems likely 
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meability ratio K,/K, obtained from the 
data of Leverett and Lewis. This per- 
meability ratio is next converted to free 
gas-oil ratio by adjusting for the vis- 
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_ Fic. 2——DEPLETION HISTORY OF A RESERVOIR PRODUCED AT VERY LOW DRAWDOWNS. 


that the recovery calculated for the case 
of negligible pressure differential is an 
upper limit which would be approached at 
small but finite differentials. The method 
is illustrated by the sample calculation 
in Table 1. The method is a trial and error 
process in which small quantities of oil 
and gas are assumed to be withdrawn 
from the reservoir and the resultant 
pressure is estimated by materials-balance 


methods. Since the amount of remaining 


oil and the reservoir pressure are now 
known, the remaining oil saturation can 
be calculated and the gas-to-oil per- 


cosities and densities of the gas and oil 
phases. The total gas-oil ratio is equal to 
the free gas-oil ratio plus the gas in solution 
in the oil under reservoir conditions. 
If this calculated gas-oil ratio does not 
agree with the assumed ratio, the calcula- 
tion is repeated using a different assumed 
ratio. When a satisfactory solution has 
been obtained for one step, additional 
oil and gas are withdrawn from the reser- 
voir and the calculations repeated. This 
stepwise method is followed throughout 
the life of the reservoir. 
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Results of these calculations are shown 
in Fig. 2, in which gas-oil ratio, pressure, 
and productivity index are plotted against 
recovery. In an effort to approximate at 
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the decreasing quantity of gas dissolved 
in the produced oil as the pressure drops. 
In other words, most of the gas that comes 
out of solution during the early stages of 
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FIG. 3.—SATURATION DISTRIBUTION AT VARIOUS STAGES OF DEPLETION HISTORY SHOWN IN 
FIGURE 2. 


least some of the effects of finite pressure 
differential, the productivity index has 
been corrected for small differentials, 
starting with roo lb. per sq. in. initially 
and gradually increasing to 320 lb. per 
sq. in. at a static pressure of 335 lb. per 
sq. in. According to Fig. 2, the gas-oil 
ratio first decreases from 700 to 550 cu. ft. 
per barrel, then rises to a peak of 5900 cu. 
ft. per barrel, and finally drops off rapidly. 
The decrease in ratio during the early 
stages of production is caused by the 
almost negligible permeability to free 
gas at low gas saturations together with 


production is stored in the sand. The final 
decrease in gas-oil ratio is the result of the 
increased volume occupied by gas at 
low pressures: The volume ratio of gas to 
oil in the formation is continuously increas- 
ing but the standard cubic feet of gas 
per barrel of oil decrease. When 293 bbl. 
per acre-foot have been recovered, the 
reservoir pressure is 145 lb. per sq. in. and, 
if the original productivity index is 
assumed to be r.0, the current productivity 
index will be 0.06. This corresponds to a 
maximum productive capacity of about 
8 bbl. per day, which probably is close to 
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the economic limit. Thus the recovery by 
internal gas drive is approximately 293 bbl. 
per acre-foot, or 34 per cent of the original 
oil in place. 

In comparison with field performance, 
the gas-oil ratio curve of Fig. 2 seems to 
remain at a low level for an unusually 
long period. These low gas-oil ratios 
result in a flatter pressure-decline curve 
and greater ultimate recovery than is 
generally obtained in pools of this char- 
acter. It is difficult to determine how 
much of this discrepancy is due to the 
effects of high pressure differentials and 
how much is caused by differences between 
California producing sands and the sand 
used by Leverett and Lewis. Since the 
discrepancies introduced by finite differen- 
tials would be reflected in saturation 
gradients in the sand, the saturation 
distribution in the sand was calculated 
at four stages of the depletion history 
shown in Fig. 2, using a well radius of 
4 in., a drainage radius of 400 ft., and the 
drawdowns assumed in correcting the 
productivity indices of Fig. 2. The results 
of these calculations are shown in Fig. 3, 
together with the pertinent data. It 
can be seen that the saturation gradients 
are very flat except in the very early and 
very late stages of depletion. These 
results indicate that, at the low rates of 
production assumed, reservoir performance 
might approach that shown in Fig. 2. 
This evidence, however, is far from positive 
proof even for low rates, and at the high 
pressure differentials often encountered 
in field practice, important discrepancies 
may be introduced. 


EXTERNAL GAS DRIVE 


Oil is recovered by external gas drive 
if a gas front is caused to advance through 
the sand, displacing oil ahead of it. Partial 
gas-drive recovery can be attained by 
allowing a gas cap to expand but complete 
recovery by external gas drive requires the 
injection of gas to maintain pressures above 
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the bubble point. In a reservoir produced 
by internal gas drive the entire reservoir is 
depleted more or less gradually. If the 
oil is displaced entirely by external gas 
drive, however, the portion of the reservoir 
behind the gas front is almost fully depleted 
while the portion ahead of the front is 
undepleted. Thus wells ahead of the front 
produce without decline, while those 
behind the front may suffer an almost 
complete loss of oil productivity. The 
problem of estimating the recovery ahead 
of a gas front can be reduced to an estima- 
tion of the distribution of oil saturation 
behind the gas front. Once the average 
oil saturation behind the front has been 
determined, the calculation of recovery is 
simple. 

A method proposed by Buckley and 
Leverett® has been used in this paper. 
Their method is based upon the assumption 
that flow is steady with respect to the 
total volume flowing. This assumption 
requires, in turn, either that the fluids 
in the reservoir be incompressible or that 
the pressure be constant over the entire 
system. For the case of linear flow their 
basic equation is 


Au = 4 ae [4] 


where Au is the distance moved by a 
plane of fixed gas saturation during the 
time that a total volume of gas Q, enters 
the system. The relation between the per- 
centage of free gas in the flowing stream, 
fo, and the gas saturation, S,, can be 
established from the following equation: 


f=—>— [s] 


since the gas-to-oil permeability ratio 
K,/K, is a function of the oil and gas 
saturations only. 

In order to illustrate the method, 
calculations for external gas drive at 
3000 Ib. per sq. in. abs., will be outlined in 
some detail. First f, is calculated for 
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several values of S, by using the data of 
Leverett and Lewis in Eq. 5. These values 
of f, are plotted against the corresponding 
values of S, as shown in Fig. 4. The slope 
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different gas saturations to exist at the 
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Fic. 4.—PRELIMINARY STEPS IN CALCULATION OF SATURATION DISTRIBUTION BEHIND AN ADVANCING 
GAS FRONT AT A PRESSURE OF 3000 POUNDS PER SQUARE INCH ABSOLUTE. 


of this curve is then plotted as a function 
of S,, giving the peaked curve of Fig. 4. 
If it is now assumed that some arbitrary 
volume of gas is injected, say 21 cu. ft. 
(at reservoir conditions) per square foot 
of cross-sectional area, Eq. 4 states that 
the distance moved by a plane of given 
gas saturation can be found by multiplying 


d 
the value of wh at the given saturation 
9 


by 21/0.21, or 100, As the original gas 
saturation of the reservoir was zero, each 
of these calculated distances is measured 
from the plane of entry of the gas. 
Application of this procedure results in 
the curve of Fig. 5, which is the same as 


same point, and since the total area 
under the curve must equal the total 
volume of gas entering the system, divided 
by the porosity and the cross-sectional 
area, the dotted portion of the curve is 
considered to be imaginary, and a hori- 
zontal line representing the gas front is 
drawn at such a position that the shaded 
area in Fig. 5 is equal to 21/o0.21 or 100. 
The average gas saturation behind the 
front is 36.6 per cent, which corresponds 
to a recovery of 420 bbl. per acre-foot 
from the area swept by the front. If a 
larger quantity of gas is injected, all the 


values of 5— are multiplied by a new 
dS, 
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constant so the curve of saturation as a 
function of distance will be identical 
with the curve of Fig. 5 except for a change 
of scale. Thus the average gas saturation 
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injection pressures, it is obvious that 
recirculation of gas will not be economically 
feasible, and wells must be shut in soon 
after the gas front passes them. If no gas 
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Fic. 5.—SATURATION DISTRIBUTION BEHIND AN ADVANCING GAS FRONT AT A PRESSURE OF 3000 
POUNDS PER SQUARE INCH ABSOLUTE. 


behind the front is independent of the 
distance the front may have traveled. 
Furthermore, it can be shown that the 
average saturation will be the same for 
the radial flow case. 

Capillary forces will cause an ‘actual 
gas front to be somewhat less abrupt than 
that shown in Fig. 5, but the error involved 
is probably small. As the front passes a 
well, the gas-oil ratio will rise rapidly 
from 700 to 88co cu. ft. per barrel and 
will then rise more slowly as the front 
continues its advance. The average gas-oil 
ratio of all wells in the area swept will be 
approximately 20,000 cu. ft. per barrel. 


Because of high gas-oil ratios and high 
” 


is recirculated, full pressure maintenance 
requires the injection of 1370 cu. ft. of gas 
per barrel of oil produced. After the gas 
front has passed all the wells, the reservoir 
will contain 800 M cu. ft. of high-pressure 
gas per acre-foot, most of which can then 
be produced and sold. Oil recovery during 
this period can be estimated by the method 
illustrated in Table 1. If all the wells 
are produced, recovery from this phase 
of production is estimated to be 15 bbl. 
per acre-foot, while if most of the produc- 
tion is taken from wells last passed by the 
gas front, the recovery might approach 
25 bbl. per acre-foot. This gives a total 
recovery of 435 to 445 bbl. per acre-foot, 
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all of which should be obtainable by flowing 
or straight gas lift. 

A word of caution is necessary at this 
point. Even if all the calculations in this 
paper are applicable without modification 
to California oil sands, the additional 
recovery due to pressure maintenance 
is obtained only from that portion of the 
sand actually swept by the gas front. 
The remainder of the sand will not produce 
more than 293 bbl. per acre-foot and may 
conceivably produce somewhat less. For 
this reason the gas front must sweep 
out a major portion of the reservoir in 
order to ensure an appreciable increase in 
recovery. It is not within the province 
of this paper to discuss the difficulties 
involved in pressure maintenance opera- 
tions, but adequate control of gas fronts 
in a typical California oil field is an 
engineering problem of major proportions. 

If the gas-drive operation is conducted 
after the reservoir pressure has been 
allowed to fall to 2000 lb. per sq. in., the 
average gas saturation behind the gas 
front is 35.1 per cent, which gives a total 
recovery of 336 bbl. per acre-foot from the 
area swept. If the operation is conducted 
at pressures lower than 1500 Ib. per 
sq. in., the gas saturation resulting from 
normal depletion will be so high that there 
will be no true gas front. Producing gas-oil 
ratios will begin to rise almost immediately 
and recirculation of gas will be necessary. 
It is extremely difficult to estimate the 
additional recovery to be obtained in 
this manner, because of a most com- 
plex interrelation between physical and 
economic factors in this lower pressure 
range, but it seems unlikely that large 
quantities of oil could be recovered from 
the assumed reservoir by this method. 

The low recovery from external gas 
drive at low pressure in this reservoir 
probably is due to the relatively efficient 
primary recovery by internal gas drive. 
If the primary recovery operation had 
been less efficient, owing either to lower 
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original pressures or to wasteful production 
practices, important quantities of oil 
might be recoverable by low-pressure 
gas drive. 


WATER DRIVE 


Recovery by water drive has been 
estimated by a method similar to that 
used for gas drive. If the water drive is 
operated at the original reservoir pressure 
of 3000 lb. per sq. in., the recovery ahead 
of the water front is estimated to be 545 
barrels. 


TABLE 1.—Sample Calculation of Depletion 
History by Internal Gas Drive at Very Low 


Drawdowns 
Given: Porosity, 21 per cent 

Total pore volume = 0.21 X 0.7758 = 1630 
bbl. per acre-foot 

Interstitial water = 25 per cent A 

Net pore volume = (1 — 0.25) 1630 = 1223 
bbl. per acre-foot 

Initial formation volume factor = 1.42 


Oil in place = 5 = 860 bbl per acre-foot 
Initial pressure = 3000 lb. per sq. in. abs. = 
bubble point 
Temperature = 210°F. 
Initial gas-oil ratio = 700 cu. ft. per barrel 
Calculation: B 
1. Assumed oil production, bbl. 


per acre-ft 20 20 
2. Assumed average gas-oil 

ratio, cu. ft. per bbl. 680 662 
3. Remaining oil 860 — (x1), 

bbl. per acre-f{t. 840 840 
4. Calculated pressure, lb. per 

sq. in. abs. 2775 2,785 
5. Formation volume factor of 

liquid 1.365 1.367 
6. Oil saturation (3) X (5)/ 

1630, per cent of total pores 70.4 70.5 
7. Ko/Ko (after Leverett and 

Lewis 0.0005 0.00045 
8. Conversion factor (pBpo/g), 

cu. ft. per bbl. 32,500 32,600 
9. Free gas-oil ratio (7) X (8), 

cu. ft. per bbl. 16 I5 
to. Dissolved gas-oil ratio, cu. 

ft. per bbl. 607 612 
11. Total gas-oil ratio (9) + 

(10), cu. ft. per bbl. 623 627 
12. Average gas-oil ratio 700 + 

(11)/2 661.5 663.5 


I 


5B 


calculation B the calculated gas-oil ratio is 663.5 
while the assumed ratio is 662. 
This is a satisfactory solution. 


per acre-foot from the area swept. The 
production from a well passed by the 
front will contain 84 per cent water, and 
if production is continued, an additional 
35 bbl. per acre-foot can be recovered 
before the water content of the well 


effluent reaches 90 per cent. The method 
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used in this paper is not rigorously appli- 
cable to a water drive at any pressure 
below the bubble point because of the 
complications introduced by variable gas 
saturation. In order to approximate the 
recovery to be expected at 4oo lb. per 
sq. in., it was assumed that the gas satura- 
tion behind the front would be constant 
at 5 per cent. Recovery ahead of the front 
then becomes 4o5 bbl. per acre-foot and 
the recovery to 90 per cent water in the 
well effluent is 472 bbl. per acre-foot. 


TABLE 2.—Summary of Recovery 
Calculations 


Total Recovery 
Method of Depletion 


Bbl. per| Per 
Acre-ft. | Cent 
Normal depletion (internal gas 
EGO eo One Roe IT ce os es 293 34 
Full pressure maintenance (external 
gas drive at 3000 lb. per sa. in. 
plus subsequent depletion)...... 435 51 
Partial pressure maintenance (ex- 
ternal gas drive at 2000 lb. per sq. 
in. plus subsequent depletion). . . 348 41 
Water drive at 3000 lb. per sq. in.. 580 68 
Normal depletion plus water drive 
at 400-1D2 per sq. Im. ss.05...4.- 472 55 


Although these recoveries seem high, 
it must be remembered that they apply 
only to the area swept by the water. In 
the low-pressure drive, normal recovery 
was obtained from the reservoir before 
the flood started, so that only the addi- 
tional recovery from the unswept area 
is lost. In the high-pressure drive, however, 
it seems unlikely that normal recovery 
can be obtained from portions of the reser- 
voir unswept by water because dewatering 
a flooded sand is a costly operation. 


SUMMARY 


Results of the various recovery cal- 
culations, which are summarized in Table 2, 
should be regarded as examples of the type 
of information obtainable from laboratory 
data rather than quantitative predictions 
of the behavior of California reservoirs, 
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since the data entering into these cal- 
culations are applicable only to the 
particular sand on which the laboratory 
tests were made. Permeability-saturation 
relations for California oil sands under 
reservoir conditions are not yet available 
in the literature, hence it is impossible 
at present to make reliable predictions of 
field performance from laboratory data. 
The preliminary investigation reported 
in this paper, however, suggests that 
future application of such information 
may furnish workable solutions to some 
of the perplexing problems facing the 
industry. 
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NOMENCLATURE 


I Productivity index, bbl. per day per lb. per 
sq. in. 
P Pressure, lb. per sq. in. abs. 
uw Viscosity, millipoises. 
8B Formation volume factor of oil phase, 
bbl. per bbl. 
K Permeability, darcys 
p Density of gas, std. cu. ft. per bbl. space. 
R_ Total gas-oil ratio, std. cu. ft. per bbl. oil. 
M Dissolved gas-oil ratio, std. cu. ft. per bbl. 
oil. 
Q Total volume, cu. ft. 
¢ Porosity, fraction. 
A Cross-sectional area, sq. ft. 
f Proportion of displacing fluid in flowing 
stream, per cent by volume. 
S Saturation, per cent of total pores. 
u Distance, ft. 
Subscripts: 
o refers to oil phase. 
g refers to gas phase. 
e refers to conditions at drainage radius. 
w refers to conditions at the well face. 
1 refers to arbitrarily chosen standard 
conditions. 
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Gravity Drainage in Oil Fields 


By James O. Lewis,* Memper A.I.M.E. 


(Austin Meeting, October 1942) 


ABSTRACT 


Gravity drainage is the self-propulsion of 
oil downward in the reservoir rock. Under 
favorable natural and operational conditions, 
it has been found to effect recoveries compar- 
able to water displacement. With modern 


~ technical knowledge, the operator can often 


make a choice between dissolved gas drive, 
water drive and gravity drainage as the 
principal recovery agent in a reservoir. It is 
desirable that the operator be able to determine 
which of the three agents will be most effective 
under each set of conditions. So far, gravity 
drainage has received less consideration than 
the other two. In this paper, an endeavor is 
made to set forth some of the principles of 
gravity drainage, to point out the types of 
reservoirs favorable for it, and to show how it 
may be applied in them. Field examples are 
described and discussed. 


INTRODUCTION 


Since early in the history of the oil 
industry, it has been recognized that 
gravity is one of the three important 
natural forces for expelling oil from the 
reservoir rock. As knowledge of the tech- 


nology of oil recovery progressed, ideas 


changed with respect to the relative import- 
ance of the three forces and with respect 
to the manners in which they functioned. 
For a time, disproportionate emphasis 
was placed on the importance and function 
of gas and the need for conserving gas 
pressures. More recently, disproportionate 
emphasis has been placed on encroaching 
edge water. Only lately has there been 
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evidence that the function and importance 
of gravity was to receive due consideration. 

Study of this neglected phase of oil 
recovery is needed to round out our knowl- 
edge of reservoir behaviors and to gain a 
balanced viewpoint of the interplay of 
forces that may operate in varying impor- 
tance in reservoirs. The purpose of this 
paper is to discuss mainly in a qualitative 
way, the functions of gravity, to present 
some concrete instances where it has 
been important and to raise some questions 
that should be investigated further. 


OIL-RECOVERY AGENTS 


The important natural agents for effect- 
ing oil recovery that may be originally 
available in a reservoir are gas, both dis- 
solved in the oil and free in gas caps, 
encroaching edge water and gravity. 
Each of these agents can act in a dual 
capacity—physically to overcome the sur- 
face energies that hold the oil within the 
pores and mechanically to overcome viscous 
resistance and to propel the oil through 
the porous reservoir rock to the wells. 
Advancing edge water displaces the oil 
from the pores and lifts it updip to struc- 
turally lower wells. Gravity drains the 
oil from the pores and flows it downdip 
to the wells. Gas displaces oil from the 
pores, entrains it in the gas stream and 
flows it to the wells, but gas in solution 
also affects the physical properties of the 
oil and thus can influence oil recovery by 
the other agents, whether or not the 
mechanical energy in the gas is utilized. 

Of the two functions of these agents, 
the more important is the ability to dis- 
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place the oil from the pores, for this sets a 
limit to oil recovery. 

It is difficult to differentiate between 
these two functions but they may be 
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b 
FIG. 1.—SATURATION RINGS IN A CAPILLARY 
SYSTEM. (From M. C. Leverett.?) 
illustrated by comparing flow through 
pipe lines with the flow through sand. 
A pipe has relatively little surface area 
whereas sand. grains have an enormous 
total surface area. The chief function of 
the agent in moving oil through the pipe 
is mechanical, but in a sand the chief 
function is to overcome the interfacial 
forces at the sand surfaces and to separate 
the oil from them. As the surface forces 
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GRAVITY DRAINAGE IN OIL FIELDS 


are least in the centers of the pores (Fig. 1), 
the small portion of the oil central to the 
pores can be removed easily. Gas, which 
is a poor displacing agent, can remove a 
small part of the oil with little expenditure 
of energy but it takes enormous gas energy 
to remove a large percentage. This may be 
contrasted with water and gravity, which 
are relatively good displacing agents. 
Gravity, with a trifling expenditure of 
mechanical energy, can drain a large 
percentage of oil from a sand. The impor- 
tant fact is not how much potential 
mechanical energy is in the reservoir 
but how effective it will be in displacing 
the oil. It is misleading to compare recovery 
agents in terms of reservoir energy and to 
consider reservoir energy solely in the 
usual terms of pressure, force or work. 

Of the three important agents for oil 
recovery, the only one that is always 
present, and that can occur without the 
others being present, is gravity. Gas 
is almost always present in solution 
originally but the amount of gas energy 
accompanying each barrel of oil will 
vary widely and may be entirely lacking 
in an old, depleted field. Free gas in a 
gas cap occurs rather frequently. In the 
majority of reservoirs, the oil pool is 
bounded at least in part by edge water, 
which usually encroaches to some extent 
and sometimes is capable of completely 
refilling the reservoir space vacated by 
the removal of oil and gas. The relative 
mechanical energies contained in these 
three agents vary widely between pools 
but almost always gravity, which is 
used here as a measure of the force devel- 
oped by the hydrostatic head of oil in the 
reservoir, is the feeblest. 

However, the relative importance of 
these agents is not to be measured in 
terms of their potential mechanical energies 
alone but in terms of their over-all effective- 
ness in moving oil from the pores into the 
well. For the most part, these three forces 
interfere with each other rather than 
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cooperate and usually only one can be 
used effectively at one time at the same 


_ place in the reservoir. The invasion of edge 


water is opposed by the gas pressure and by 
the weight of the oil column, though gravity 
aids edge-water drive by leveling up the 
oil-water front. The expansion of solution 
gas tends to nullify the effects of gravity, 
though the gas in the gas cap can be used 
within limits to augment gravity. In the 
main, however, efficient use of one of the 
agents necessitates the nonuse of the other 
two. 

Which one of these agents is locally 
dominant depends upon local natural 
and operating conditions. It is possible 
to have in the same pool water as a domi- 
nant agent along the water contact while 
gravity is dominant in another part of the 
pool and gas drive in still another part. 
It is also possible for a pool to pass from 
one dominance to another. Under old 
methods of unrestricted flow, usually the 
gas drive was dominant in the early life 
of a pool, but later either water drive or 
gravity drainage might become dominant. 
These changes from the dominance of one 
agent to another are indicated in some of 
Miller’s curves,! where cumulative oil 
recovery is plotted against cumulative 
loss in reservoir pressure. 


CAPILLARITY 


The downward flow of oil through a 
reservoir rock under the influence of 
gravity is not fully analogous to free flow 
in a pipe, for, with the exception of some 
limestone reservoirs with macroscopic 
pores or fractures, oil flow is through 
devious channels of capillary size. The 
self-propulsion of oil downward through a 
sand under the impulse of its own weight 
occurs in two zones. At the top, where the 
liquid is in contact with free gas, the sand 
is only partly oil saturated and capillarity 
controls the flow. Below the base of this 
capillary zone, which corresponds to a 
free surface, the sand is saturated or nearly 
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saturated with liquid, and flow follows 
hydraulic laws. 

Usually gas, oil and water are present 
together in the capillary zone in a reservoir, 
but for simplicity, discussion of the influence 
of capillarity on gravity drainage is first 
confined to the assumption of a water-free 
sand. 

Oil i contact with a column of dry sand 
will rise upward above the liquid surface 
till the pull of the capillary forces becomes 
balanced with the pull of gravity. Leverett? 
describes the liquid saturation in an air- 
water system, which would be the same 
qualitatively as gas-dil system, as follows: 


Smith, Keen, Versluys and others have 
pointed out that there are three general types 
of occurrence of water, or regions of water 
saturation in a porous solid: 

_1. Saturation region. Complete water satura- 
tion. 

2. Pendular region. Lowest water-satura- 
tion range. Water occurs as pendular rings 
around grain-to-grain contacts. The solid, 
where not covered by water in the pendular 
rings, is covered with a very thin film of water 
if the contact angle is zero, or by oil if not. 
Fig. 2a illustrates this saturation region. 

3. Funicular region. Intermediate water 
saturation. Addition of water to the pendular 
rings of Fig. 2a causes them to grow and soon 
they become so large that they touch each 
other at their edges and merge. * * * * Addi- 
tion of still more water causes complete 
coalescence of the funicular rings, the results 
being a web of water across the interspace 
between three or more grains. Both of these 
configurations are included in the funicular 
saturation region, since in either case it is 
possible to pass from any position in one fluid 
to any other in the same fluid by a tortuous, 
cordlike (funicular) path through that fluid. 

The nomenclature is that used by Versluys. 


The conditions in the pendular and 
funicular regions are shown in Leverett’s 
Fig. 2, which is here reproduced as Fig. 1. 

The junction of the saturation and 
funicular region corresponds to the free 
water surface. 

Leverett describes another region in 
which “air exists as globules surrounded 
by water,” but he thinks this is “thermo- 
dynamically unstable; it is believed that 
they tend to disappear by solution in the 
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water and subsequent diffusion to more 
stable positions.” 

The writer believes it would be useful 
to recognize this fourth region in reservoir 
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Fic. 2.—GAs, OIL AND WATER PERMEABILITIES. 
From Leverett and Lewis: Trans. A.I.M.E. 
(1941) 142, 114. 


performance, for which he uses the term 
“Insular Region” in this article. This 
region has already been recognized in oil 
literature as one through which the reser- 
voir passes when pressures are first reduced 
below gas-solution pressure. The first gas 
that evolves forms minute globules of gas 
in the pores held apart by interfacial 
forces. As pressures are reduced _ still 
further, the globules grow until they 
touch and a condition similar to the funicu- 
lar region develops. The writer found no 
references discussing what effect the insular 
region has on the free surface but he thinks 
it would be at the junction of the insular 
and funicular regions. Apparently it is in 
this insular region that free gas can exist 
in the pores of a sand and yet the sand 
not be permeable to gas flow; and appar- 
ently, too, these free gas globules are 
entrained in the oil stream and perhaps in 
part can be moved downward through 
the pores of the sand if the oil is moving 
in that direction (Fig. 2). 
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Within the range of pressures less than 
solution pressures in which the insular 
region can occur, the free gas is incorpo- 
rated into the liquid stream and the effect 
is to make the oil a more expansible liquid. 
During this period, well gas-oil ratios 
would not exceed existing solution ratios, 
hence estimating the solution pressure by 
the pressure at which gas-oil ratios started 
to increase can lead to underestimation. 
When the pressures are reduced below this 
region, gas-driven conditions can begin. 

Whether oil could occur in a reservoir 
in the insular region at the time of dis- 
covery should be considered. Reservoir 
pressures can change within geologic time, 
some increasing, some decreasing in ac- 
cordance with whether the reservoir is in 
a submergent or emergent portion of the 
earth’s crust. If the reservoir is in an 
emergent area, where pressure has been 
reduced to below previous gas-saturation 
pressure, an insular region would develop, 
and because the oil surrounding each 
globule of gas would be gas saturated, the 
globules would not readily disappear by 
solution and diffusion. In absence of agita- 
tion, solution and diffusion are known to be 
exceedingly slow and instances are coming 
to light in some gas fields where diffusion 
between gases of different character has 
not been reached even in geologic times— 
notably between the sour and sweet gases 
in the Amarillo field. If such a condition 
can exist, allowances would have to be 
made for it in estimating reserves where 
there is reason to believe the insular region 
can occur. 

When oil is imbibed into the bottom of a 
column of dry sand, capillarity will raise 
it only to a limited height, above which 
the sand will contain no oil, but if the sand 
column is first saturated with oil and then 
drained, all parts of the sand will contain 
some oil and the pendular region will 
extend upward in the sand column as far 
as it had once contained oil. Leverett 
shows that, because of hysteresis, more oil 
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will be held in the funicular region in such 
a drained sand than in a sand into which 
the oil has risen under capillary pull. 

It is this pendular oil, together with the 
oil in the thinner belt of the funicular 
region, that would be irrecoverable in a 
reservoir with homogeneous sand. Lev- 
erett’s curves show from 5 to 25 per cent 
of water retained in this pendular region 
under drainage equilibrium in the sands 
with which he experimented. Katz* found 
that from 5 to 20 per cent of the oil would 
be retained in the water-free Wilcox 
sands of Oklahoma City. Katz also states 
that oil and water may ‘drain of their 
own accord down to a final saturation of 
8 to ro per cent in the upper portion of 
thick sand sections.” The sands to which 
these figures apply had high permeabilities, 
and sand of finer pore size and lower 
porosities will retain larger percentages 
of the liquid in this region after drainage. 
Moreover, such fine-pored sands _ will 
drain at slower rates. Viscous oil will 
drain at slower rates and more will be 
retained in the pendular region. 

Liquid saturation above the free liquid 
surface in a specific sand is controlled 
by the vertical distance above the free 
surface rather than by the distance along 
the slope of the sand. However, the slope 
will have much influence on the rates at 
which oil can drain downward, especially 
in thinly bedded sands, both in the 
funicular region and in the fully saturated 
region. In sands of low dip and fine pores 
and having low vertical permeabilities, the 
rates of drainage can be noncommercially 
slow and gravity drainage will then be 
ineffective, no matter how much of the oil 
might be drained out in course of unlimited 
time. 

Greater capillary force is developed in 
the smaller pores; therefore, they will 
retain oil against the lesser capillary pull 
in contiguous pores of larger size. The more 
irregular is the sand body, the more oil will 
be retained in the pendular region after 
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‘drainage. Where two sand strata of differ- 


ing capillarity are separated by imperme- 
able material, the two strata will not 
influence each other but gravity drainage 
in them will act like two independent 
systems. 

In most reservoirs, the sands will be 
water wet instead of oil wet, as assumed 
in the. preceding discussion. Leverett 
states that the gas-oil-water system has 
not been adequately investigated but he 
shows that where water preferentially 
wets the sand it causes a shorter funicular 
zone between the liquid-saturated region 
and the pendular region. 


CAPILLARY SYSTEMS IN MOTION 


The theory and experimental data dis- 
cussed so far apply to a capillary system 
in which the free surface is lowered in one 
stage, after which the system is allowed to 
reach equilibrium. 

When a sloping sand bed in a reservoir 
is being drained by wells downdip of an 
unreplenished supply of water or dead oil, 
there is a continuous lowering of the free 
surface. With such a moving capillary 
base, static equilibrium in the capillary 
zone would not be reached. There would 
be two zones of motion. Below the free 
surface, the sand would be completely 
filled with liquid and the flow would follow 
the usual hydraulic laws described by 
Muskat! and others; above the free 
surface, the flow would be in the capillary 
zone, which would follow downdip as the 
free surface was lowered. The capillary 
zone itself would consist of two parts. 
In the funicular region, liquids would be 
in motion but in the upper part, which had 
completely reached the pendular zone, the 
liquids would be immobile. 

Leverett,? Hassler,’ Stahl® and others 
have shown that when the free surface 
in a sand is lowered in one stage and the 
water or dead oil are allowed to drain 
until equilibrium has been reached, there 
will be a definite curvature of diminishing 
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saturation upward from the free surface 
for each particular sand and liquid system 
(Fig. 3). In a sand with large pores, the 
height of the curve between complete 
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saturation and the pendular region in which 
no more liquid can be drained -out will be 
only a few inches, whereas it can be 
several feet in a sand with fine pores. 

The effects of a lowering free surface 
should be to stretch out this curve of 
upward diminishing saturation and this 
funicular zone of partly drained sand could 
be much thicker than shown by the satura- 
tion curve of a capillary zone that was in a 
state of rest (Figs. 3 and 4). It would also 
appear that the faster the liquids were 
being withdrawn from below the free sur- 
face, the more this partly saturated capil- 
lary zone would be stretched out, and that 
it would tend to stretch out more both 
vertically and along the bedding when the 
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sands were dipping at low angles. The oil 
left behind by fast drainage would even- 
tually drain downdip at slower rates but 
probably in most oil reservoirs much of it 
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will be at rates too slow for commercial 
recovery. 

That the saturation curve in the capil- 
lary zone would be stretched out in the 
manner described is shown by Stahl and 
Huntington’s Fig. 3, which is reproduced 
here as Fig. 3. It is apparent that liquids 
do not drain at a uniform rate in all parts 
of a capillary system and that drainage is 
progressively slower upward from the 
bottom. The more depleted are the pores, 
the slower will be the rate of drainage. 
Capillary systems in motion have not ~ 
been adequately investigated. 

In the saturated zone where the oil 
flow will follow well-known hydraulic 
laws, the flow rate is largely at the control 
of the operator, who can change rates 
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by varying pressures, the production rates 
of wells and the number of well outlets. 
Rates of drainage in the funicular zone 
are less subject to control; therefore the 
elongation of the funicular zone must be 
controlled mainly by the rates of with- 
drawals below the free surface. 


EFFECT OF GAS PRESSURE ON GRAVITY 
DRAINAGE 


Gravity drainage can take place in the 
capillary zone of a sand at any gas pressure 
from less than atmospheric to very high 
pressures. No information is available to 
the writer on whether capillary drainage 
would be faster in a sand filled with 
high-pressure or low-pressure gas, irrespec- 
tive of the effects of gas in solution on 
the physical properties of the oil. How- 
ever, as the physical characteristics of 
oil are changed by natural gas in solution, 
it may be presumed that there will be 
important differences in capillary effects 
at different pressures. Entirely apart from 
the actual use of the mechanical energy 
of high-pressure gas in solution, it should 
have favorable physical effects on the 
extraction of oil from the pores. Lowering 
pressures will cause gases to be evolved 
from solution and finally to vaporize and 
to remove volatile constituents that 
will progressively increase viscosity and 
adhesion, thus delaying drainage and caus- 
ing it to be less complete. 


SEGREGATION OF GAS FROM OIL 


Under original conditions, there will 
almost invariably be gas in solution in the 
oil. If the original pressures are reduced, 
the gas will begin to come out of solution 
and to expand, some of the oil will be 
driven from the pores by the freed gas and 
partial saturation conditions will be devel- 
oped corresponding to the insular and 
funicular regions in a capillary system 
induced by gravity drainage. At first, 
the minute globules of gas will be in the 
insular region, each centered in its pore 
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and separated from all other gas globules 
by oil. At this stage, the sand is lacking 
in gas permeability, the gas is entrained 
in the oil and probably will move with the 
oil stream (Fig. 2). In effect, single-phase 
flow would still exist in the sand and the 
freed gas would merely reduce density and 
impart greater elasticity to the liquid. 
Flow probably would follow the usual 
laws of hydrodynamics and would be 
modified only by the changed properties 
of the flux; ie., greater elasticity and 
reduced density. 

The next stage is reached when, after 
the pressures have been reduced still 
further, the gas globules become enlarged 
until they connect between pores. This 
stage corresponds to the funicular region 
and the sand then becomes permeable to 
both gas and oil, the relative gas per- 
meability increasing as the sand becomes 
progressively depleted of oil. The funicular- 
like region developed in this manner can 
occur in any or all parts of the oil reservoir 
but it is unstable and is sustained by the 
velocity of the gas moving through the 
pores. 

Depending upon the velocity of gas 
flow and the relative gas-oil saturation, 
the oil can either be propelled in any 
direction by the gas at high gas velocities, 
or at low gas velocities the oil can flow 
downward under gravity and displace 
the gas, causing the gas to flow to higher 
levels. The critical gas velocity at which 
such counterflow can occur in a sand is of 
much practical importance, Above this 
velocity, dissolved gas-drive conditions 
will prevail and below it gravity drainage 
will prevail and the free gas and oil will 
segregate, the gas making its way to the 
higher parts of the reservoir and the oil 
to the lower parts. The downward flow 
of the oil will be greater at slower upward 
flow of gas. ! 

The gas velocity at which through 
counterflow gas and oil can segregate 
and gravity drainage begin will vary with 
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specific conditions. Sands with large pores, 
good vertical permeability and high dips 
are favorable for counterflow, as are oils 
of low viscosity. As oil saturation decreases, 
the gas can segregate more readily and 
it is less likely to entrain oil, but, on the 
other hand, oil will drain less rapidly under 
the pull of gravity. Evidently the inter- 
relation of these factors can be quite 
complex, hence it will be difficult, if not 
impracticable, to evaluate them numer- 
ically in any reservoir. 

As the values of these factors will vary 
within the reservoir, the gas velocity at 
which gas can segregate from and not 
entrain oil will not be uniform throughout 
the reservoir. Differences can occur within 
short distances. Sands can vary in their 
properties between layers as well as along 
the bedding. Such irregularities may 
provide channels through which gas can 
by-pass just as in a secondary gas drive. 
But though irregularities may promote 
segregation locally, it will also cause 
irregular drainage of the sand body and 
create operating problems that in the 
end will make for less efficiency in ultimate 
recovery. 

Also, there would be variable gas 
velocities in a producing reservoir even 
if sand conditions were uniform. A field 
is seldom drilled and depleted uniformly; 
moreover, velocities will vary widely within 
the drainage radius of each well, flow 
velocity being greatest near the well and 
least between wells. 

Because of these variables, segregation 
and gravity drainage may be going on in 
certain parts of a reservoir while gas 
drive is going on in other parts not far 
distant. As the fluids in the depleting 
reservoir are in motion, unstably located 
gas caps can be formed where locally 
either sand conditions or velocities are 
favorable to early segregation, and these 
transient gas caps can be formed below 
the crest of the structure. Such local gas 
caps are likely to be formed between wells 
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where gas velocities are least, but as such 
gas caps become larger, they could be 
expected to move updip unless trapped 
by changes in formations. 

For the reservoir as a whole, the mean 
gas velocity will be controlled by the rate 
at which pressures are reduced. In a 
reservoir with nonencroaching edge water, 
gas velocities will be governed by the rate 
at which fluids are withdrawn and the 
proportion of the gas injected back into 
the reservoir. Obviously, oil can be pro- 
duced most rapidly from a reservoir in 
which pressures are being maintained by 
gas injection and still have segregation 
and gravity drainage. This should be 
noted “in considering primary pressure 
control. 

It must be kept in mind that the veloci- 
ties underground are infinitesimal com- 
pared with the surface velocities to which 
we are accustomed. A vertical drainage 
rate of ro ft. a year in many reservoirs 
would yield oil at a satisfactory rate, yet 
the vertical velocity would be only 4 in. 
each day. Even the velocity parallel to the 
bedding in sands of low dip would be in 
inches per day. 


BLOWING OFF THE GAS FROM A RESERVOIR 


If the pressures in a reservoir in which 
conditions are favorable for gas and oil 
segregation but not for edge-water en- 
croachment are not regulated, but, instead, 
the wells are allowed to produce at fast 
rates without regard to structural location, 
the reservoir will be under dissolved gas- 
drive conditions until the gas has been so 
depleted that it can no longer act effectively 
as an expellant. At some stage in the 
depletion of such a reservoir, the velocity 
of the gas will become so low that it can 
no longer lift oil updip through the depleted 
sand pores, against the pull of gravity, 
which may then become the dominant 
agent in the reservoir. It is now known 
that in several pools where this blowing 
off of the gas took place, the gas and oil 


JAMES 0. LEWIS 


later segregated, low-pressure gas caps 
were formed in the upper part of the 
reservoir and the oil was drained down 
into the lower portions of the reservoirs. 
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in the lower portions increased from 
funicular to saturated, as shown by curve 
2, in Fig. 4. At some level between, it 
forms a free surface with a normal capillary 
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By the time a reservoir reaches the 
stage of depletion at which the gas velocity 
can no longer overcome the pull of gravity 
and counterflow can begin, the oil will be 
dispersed throughout the sand body in a 
manner similar to that in the funicular 
region of the capillarity zone and this 
region will extend far above its normal 
capillary height. When the gas velocity 
can no longer sustain this unstable condi- 
tion, it collapses as does foam over the 
surface of live oil when gas ceases to evolve 
and to support the bubbles. The oil then 
tends to form a stable capillary system. 
Oil will drain out of the higher portions 
of the structure to lower portions. In the 
higher portions, oil saturation will be 
reduced from funicular to pendular and 


funicular zone above it. The pendular 
region becomes a low-pressure non-oil 
productive gas cap and the oil in the funicu- 
lar and saturation zone thereafter moves 
downdip in accordance with the hydraulic 
laws as oil is produced from low wells. 
The time and the rate for the adjust- 
ments that must take place when such a 
reservoir passes from gas drive to gravity 
drainage conditions will vary with local 
conditions. It will take much time for the 
oil to drain out of the higher parts of the 
structure to the lower under less favorable 
conditions of tighter sands at low dips. 
Owing to the variable natural conditions, 
variable pressures and gas velocities, the 


‘collapse will start in different parts at 


different times in the reservoir and proceed 
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at different rates. This transition period 
will be one of confusion with anomalous 
conditions and events. 

The transition period is clearly recog- 
nizable in the history of Oklahoma City 
and other pools. The evidence of Oklahoma 
City is shown by the change in trends 
in the curve given by Miller (Fig. 5) 
though in this case some effects are caused 
by limited encroachment of edge water. 
Miller shows in his analyses of various 
pools how, in the course of the history of 
pools, they can change; how at one period 
one force can be dominant and later another 
or even a third force may become the most 
important. In Oklahoma City, it began 
when the average pressure had been re- 
duced to 750 lb. per sq. in. In another 
pool, it took place beforé the pressure had 
reached 250 lb. per sq. in. in the crestal 
area. 


SPREADING Gas Caps 


However gravity-drainage principles are 
applied, it requires that a gas cap be formed 
and spread. Essentially, it is a method of 
exhausting the recoverable oil downward 
from a reservoir progressively from the 
crestal area down the flanks, leaving the 
drained part to be filled either with high- 
pressure or low-pressure gas. If an original 
gas cap existed, it will spread and if not, a 
secondary gas cap must form and spread. 
If a pressure higher than solution pressure 
is to be maintained, gas must be injected 
into the gas cap, which will spread by 
reason of the added quantities of gas and 
the removal of fluids downdip. If pressures 
are being lowered gradually, the gas cap 
will spread by reason of the expansion 
of the gas-cap gas and by additions from 
the upward flow of gas freed from solution 
from oil at lower levels in the reservoir, or 
perhaps by additions of gas injected into 
the reservoir. If the gas is first blown off, 
there will be a gas cap of very low pressure. 
The sand in the original gas-cap area may 
have almost no oil in the sand but the 


GRAVITY DRAINAGE IN 


OIL FIELDS 


portion of a gas cap formed by draining 
sands that once were oil saturated will 
contain pendular oil that cannot be 
drained out or removed by gas or water 
drive. 

The mere fact that an original gas cap 
appears to be spreading does not neces- 
sarily mean that gravity drainage is work- 
ing effectively. If the wells in the oil rim 
below the cap are produced at too fast a 
rate, dispersed gas-drive conditions will 
prevail and the gas cap then becomes an 
additional source of energy to maintain 
the gas drive. The wells near the gas cap 
will develop high gas-oil ratios yet the 
sand will not be effectively drained of its 
oil and-the oil will be moved mechanically 
by the gas flow instead of draining down- 
dip under gravity pull. Under true gravity- 
drainage conditions, the gas refills voids 
caused by the withdrawal of oil. Gravity 
drainage in the capillary zone sets the pace, 
which must not be exceeded if dispersed 
gas-drive conditions are to be prevented. 

In distinction from dissolved or dis- 
persed gas-drive conditions where oil and 
free gas become intermingled and dispersed 
throughout the reservoir, it is sought to 
keep the oil and free gas separated into 
two distinct masses or zones as they were 
originally in a gas-cap reservoir. The 
purpose is to increase the mass of free 
gas at the top while withdrawing the oil 
below until finally the gas cap takes the 
whole reservoir. To maintain the oil and 
free gas in separate zones, it is necessary 
that two limiting rates be not exceeded. 
The pressures must be reduced so slowly 
that the evolved gas can flow counter- 
current with the oil, otherwise dissolved 
gas-drive conditions will develop. The oil 
must be withdrawn so slowly that gravity 
can drain the oil effectively from the pores 
and can maintain the gas-oil front, other- 
wise the gas-cap gas will break into the oil 
mass and cause dispersed gas-drive con- 
ditions. Effective application of gravity 
drive principles means slow but steady 
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production, especially in irregular sand 
bodies. These two-rates are interdependent. 
The upward counter flow of evolved gas 
will retard the downward flow of oil, 
elongate the funicular region and interfere 
with the maintenance of the front between 
the two masses. It would appear that the 
nearer pressures can be maintained to 
solution pressures, the less will evolved 
gas interfere with the desirable functions of 


“gravity, and that oil can be taken from 


below the gas-oil contact at faster rates 
without causing dispersed gas-drive con- 
ditions. The most favorable conditions for 
fast rates of oil production would be to 
maintain pressures above solution pres- 
sures, so that no gas would evolve and 
there would be no counter flow of gas and 
oil and the gas movement of the expanding 
gas cap would be downward with the oil. 
As long as gas is evolving (in excess of 
insular conditions), the actual gas move- 
ment in the sand pores immediately above 
the gas-oil contact will be updip, even 
though the gas-cap area is increasing. 


IMPRESSION OF SUPERIOR GAS PRESSURE 
IN A GRAVITY-DRIVE RESERVOIR 


The injection of gas into the crestal 
area of a reservoir at greater than existing 
solution pressure can take place at any 
stage of depletion of the pool. It can be 
applied early to maintain pressures equal 
to or even in excess of original pressures 
or it can be applied after all the gas has 
been blown off or at any intermediate 
degree of depletion. 

In a reservoir with conditions morte 
for gravity drainage, the blowing off of the 
gas will leave a low-pressure gas cap with 


- artim of dead oil. Unless there is encroach- 


ing edge water, the only force left to move 
the oil through the reservoir rock after the 
gas energy has been spent will be the head 
of the oil column itself, and often this may 


~ exert only a few pounds of hydrostatic 
_ pressure. The impression of gas pressure 
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upon the top of the free surface of the dead 
oil will augment the hydrostatic pressure, 
raise fluid levels in the wells and enable 
them to be produced at faster rates. It will 
also result in reduced lifting expense and 
increased present worth of the reserves, 
but it is doubtful whether ultimate recovery 
can be materially increased except inci- 
dentally ‘by reason of economic benefits. 
On the other hand, dispersed gas-drive 
conditions can be developed and recovery 
reduced thereby, if the pressure and 
production operations are not carefully 
conducted. 

Building up pressures by injecting gas 
into the upper portions of a partly depleted 
reservoir in which freed gas is dispersed in 
the partly saturated oil sand would cause 
the dispersed gas to be compressed and 
some of it to be redissolved. The result 
would be a tendency to collapse the insular 
and funicular-like conditions and to facili- 
tate the segregation of free gas and oil and 
the draining of oil downdip. However, the 
oil production would have to be regulated 
to prevent the development of gas-drive 
conditions. In such a pool, it will be found 
that there is a maximum rate at which oil 
can be taken from the reservoir; that care 
must be taken to withdraw oil uniformly 
along the front and that wells close to the 
oil front must be restricted, else gas will 
finger down to them. Carefully applied, it 
would appear that gas-drive conditions can 
be changed into effective gravity drives in 
some pools. 


CHOICE OF PRESSURES FOR GRAVITY 
DRAINAGE 


In a reservoir favorable to gravity drain- 
age, the operator will have a choice of four 
methods of putting gravity drainage into 
effect: 

1. Maintaina pressure equal to or greater 
than original solution pressure. 

2. Restore or partly restore gas pressure 
after partial depletion of pressure. 
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3. Let the pressures be reduced gradu- 
ally, so that the gas and oil can segregate 
continuously by counterflow. 

4. Produce the field in two stages, first 
under gas-drive conditions until the gas 
has been practically eliminated, then by 
gravity drainage. 

The last two methods can be used only 
where edge water encroaches slowly or not 
at all. If edge water does encroach strongly, 
it would be necessary to maintain a gas 
pressure equal to edge-water pressure to 
prevent or retard the water from entering 
the reservoir, which involves a choice 
between edge water and gravity as to 
which would be the more effective and 
profitable agent. Where edge water is not 
so active, there will be a choice between 
the four methods. 

The choice of gravity-drainage methods 
should be made by comparing the over-all 
benefits that may be obtained from them. 
In some reservoirs, at least, the differences 
in ultimate oil recoveries will be minor, this 
statement being predicated upon the small 
percentage of oil that is left in the pendular 
region in some uniform sands; as, for 
example, in the Wilcox sand of Oklahoma 
City, which leaves little margin for im- 
provement. Where such high depletions can 
be gained by blowing off the gas, letting the 
field go through a gas-drive stage and re- 
moving the solution gas before gravity 
drainage starts, justification for high- 
pressure gravity drainage would have to be 
mainly on other bases, such as saving gas 
and gas pressure and reduction in wells to 
be drilled and in lifting expense. 

But few reservoirs have such favorable 
conditions. In reservoirs where the sand 
pores are not so large, the dips not so steep 
and the sand not so uniform, it cannot 
safely be assumed that there would be no 
more difference in ultimate recovery be- 
tween high-pressure and low-pressure grav- 
ity drainage than would be expected from 
the experience in the Wilcox sand at 
Oklahoma City. It would appear that where 
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capillarity is a stronger force, segregation 
and drainage cannot begin until lower gas 
velocities have been reached, and it may be 
questioned whether, once dispersed, the 
oil could be drained downdip into an 
effective front within commercial time 
limits. It would appear that the less 
favorable are the natural conditions, the 
more favorable would have to be the 
operating conditions, which would be slow 
oil-production rates together with the 
maintenance of pressure to retard or even 
to prevent the evolution of gas. However, 
the maintenance of pressure in a producing 
section consisting of strata of sand of vary- 
ing capillary properties creates a difficult 
operating problem, as may be seen from the 
actual case referred to in this article; hence, 
the answer might be different for a uniform, 
tight sand than for a multiple zone of 
variable tight sands. 

Judging from available information, best 
results can be expected by maintaining 
pressures and controlling production rates. 

As the gas can always be bled off later, 
it would appear to be the forehanded 
policy to use high-pressure methods for 
gravity drainage, judging the degree of 
pressure upon local conditions, such as 
holding back edge water, the capillary 
force of the sand, irregularities, the market 
for gas, the cost of boosting the gas. If 
later it were found advantageous to bleed 
off the gas, this could be done. 

Though maintenance of gas pressure has 
been practiced in many fields, it has not 
always been applied with a full under- 
standing of these principles, therefore the 
results so far obtained are not to be con- 
sidered as a full measure of the potential- 
ities of gravity-drainage principles. It has © 
largely been conducted so far on the theory 
of making gas drives more effective by 
maintaining the fluidity of the oil and by 
supplying more gas for gas-drive purposes. 
The writer believes the primary purpose 
should be to prevent gas-drive conditions — 
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and to induce effective gravity drainage 
wherever reservoir conditions permit. 


USE AND SIGNIFICANCE OF GAS-oIL RATIOS 


The use of the ratio of gas to oil produc- 
tion was first proposed as a measure of the 
efficiency of recovery methods in connec- 
tion with the gas-drive conditions that pre- 
vailed in most of the fields that were being 
operated at an earlier date. Since the 
natural supply of gas energy in each pool 
was limited in amount, the ultimate natural 
recovery of oil depended upon the efficiency 
with which this limited supply of energy 
was used. It was logical, therefore, to 
reason that a method that would produce a 
barrel of oil with a smaller quantity of gas 
would leave more gas in the reservoir to 
expel more of the remaining oil and, hence, 
result in greater ultimate recovery. 

It is obvious that in pools where water 
drive or gravity drainage is relied upon to 
expel the oil, and in which the mechanical 
use of the gas energy underlying gas-drive 
conditions more often tends to obstruct 
rather than to aid in oil recovery, gas-oil 
ratios would have quite a different signifi- 
cance. In such pools, gas-oil ratios are 
useful to show the degree to which the gas 
energy is not used, which, by negation, 
indicates the degree and effectiveness with 
which either of the other two energies is 
being used. 

Gas-oil ratios, therefore, can be used as a 
guide to give some idea of whether gravity 
drainage is taking place and, if so, whether 
it is taking place effectively. The ratios can 
also be used in telling at what rates the 
wells should be produced and from which 
wells production should be taken. In gen- 
eral, the oil should be produced from wells 
low on the flank of the structure and 
crestal wells should not be produced. Also, 
in general, the wells with the lowest gas-oil 
ratios should be produced and the wells 


- with the highest gas-oil ratios should be 


shut in, but it does not appear necessary 
under some practical conditions to carry 
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these general principles to extremes, unless 
a field originally has a gas cap, or unless 
gas is to be injected from the beginning. 
At first, some oil could be produced from 
the crestal area, particularly if the oil were 
undersaturated with gas. It has been 
brought out that apparently gas-drive con- 
ditions do not develop until enough gas 
has been evolved from solution to fill the 
pores more than approximately 10 per 
cent with freed gas. Until that gas satura- 
tion has been reached, the oil moves under 
fluid expansion and hydraulic flow; so, 
theoretically, some 1o per cent of the 
original reservoir liquid could be extracted 
before gas-drive conditions begin. Segre- 
gation of gas from oil could not begin at an 
effective rate until the gas saturation had 
reached higher values and the funicular 
stage had been reached in some part of the 
reservoir. 

The next question is whether production 
should be limited to the wells farthest down- 
dip, or whether some production could be 
taken also from other wells below the gas- 
oil front but not so far down the flanks. 
The most important factor with respect to 
the production of the wells is that the total 
oil taken from the reservoir does not exceed 
the rate at which the oil can drain effec- 
tively downdip in the capillary zone above 
the gas-oil front. The second most impor- 
tant factor is that the production be taken 
uniformly around the structure (but mak- 
ing allowances for local differences in dip 
and sand conditions) so that there would 
not be created low-pressure areas that 
would tend to break up the gas-oil front. 
The limiting rates of oil production will be 
affected by the degree of pressure main- 
tained. Under gravity-drive conditions, oil 
can flow laterally along the strike of the 
sands to level up the front, but necessarily 
the rate will be rather slow, for the direc- 
tion of maximum force will be directly 
downdip. For the same reason, oil can flow 
between wells just as water can flow 
between wells in a water sand to reach to 
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the wells beyond, as shown by King, 
Slichter, Muskat and others. There appears 
to be no reason why oil cannot be produced 
from any well below the gas-oil front pro- 
vided it is not too close to the gas-oil 
front, and as long as high gas-oil ratios do 
not indicate that the gas cap is fingering 
down to the well or that dispersed gas-drive 
conditions are developing. 

Under gas-drive conditions, the gas-oil 

ratios of a well tend to increase steadily and 
reach a Maximum after most of the ulti- 
mate recovery of the well has been ob- 
tained, after which they decline again. 
Under effective gravity drainage, the 
gas-oil ratios of a well may increase slowly 
to above solution ratios but when the gas- 
oil front has reached the well, there will be 
a rapid increase, especially in thin, steeply 
dipping sands. Where the gas-oil ratios do 
increase suddenly from comparatively low 
ratios, there is reason to believe that there 
is an expanding gas cap and that the sand 
is under gravity conditions and-a gas-oil 
front has reached the well. 
- If the sand conditions were uniform, this 
abrupt or rapid increase in gas-oil ratios 
would be a quite reliable indicator but 
in nonuniform sand bodies there will be 
several gas-oil fronts, which will reach the 
well at different times, and it will then be 
much more difficult to tell whether a front 
has reached the well or the increase denotes 
gas drive. 

The foregoing discussion has been 
addressed to the premise that it was desired 
to effect gravity drainage under high 
pressures. If it were desired first to blow 
off the gas and later to conduct gravity 
drainage under low pressure, the procedures 
would be quite different. If it were desired 
to denude the oil of gas as rapidly as 
possible, the crestal wells and the wells 
with highest gas-oil ratios would be pro- 
duced preferentially and the field would be 
produced as rapidly as possible. In other 
words, the field would be operated during 
the gas-drive stage in what would be 
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generally considered the most inefficient 
manner for the conservation of gas. Ordi- 
narily there would appear to be no justifica- 
tion for such a procedure. 


SPACING IN GRAVITY-DRAINAGE POOLS 


The number of wells and the locations of 
wells needed to secure good recovery must 
be quite different for the three recovery 
agents, and attempts to lump spacing into 
one problem and to find one common solu- 
tion that will be universally satisfactory 
will fail, just as it will fail when directed 
toward protection of property rights. The 
first step in spacing is to find out into what 
category the particular reservoir falls. 

Under gravity drainage, it will not be 
necessary to drill more wells than will take 
oil uniformly from the reservoir perimeter 
as fast as the oil front can gravitate down- 
dip in the manner described and without 
creating unsatisfactory local conditions. 
Except where wells are drilled to blow off 
the gas, or for gas injection, the wells 
should be drilled well down the flanks 
around the low edges of the reservoir. Any 
well below but not too close to the gas-oil 
front can be produced until the front 
reaches it, but updip wells will have shorter 
lives, smaller ultimate productions, lower 
hydrostatic pressures and cannot be pro- 
duced as fast. However, where the sands 
are not continuous by reason of lensing or 
faulting, it will be necessary to drill wells 
to drain each lens and each fault block. 
Even in reservoirs with regular sands, it 
will usually be necessary to drill surplus 
wells in order to distribute production 
more evenly and to satisfy equities where. 
the field is not unitized. 


FIrELD EXAMPLES OF GRAVITY DRAINAGE 


Four instances of gravity drainage have 
been selected for illustration. In three fields, 
the gas was blown off in a gas-drive stage 
and the oil then drained downdip under low 
pressure. In the fourth instance, gravity 
drainage took place under partly main- 
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tained pressures. Two of the instances are 
from literature, though the writer has some 
personal knowledge of each of them. The 
other two have come from the personal 
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behaved in the usual manner for a dissolved 
gas-drive field (Fig. 6). Production declined 
on the usual 63° slope when plotted on 
log-log paper, but within barely two years 


WELL No.2 
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Fic. 6.—PRODUCTION-DECLINE CURVES SHOWING GRAVITY DRAINAGE TOWARD AND AWAY FROM 
WELLS. 


experience of the writer, but unfortunately 
he is not at liberty to identify the pools nor 
to give full particulars. 

The first instance is a domal field with 
moderately high dips. The sands are coarse, 
of moderate porosity but of high permea- 
bility, the oil is light and originally was 
nearly saturated with gas but there was no 
original gas cap and edge-water encroach- 
ment has been relatively unimportant. 

The first wells were drilled near the crest 
of the structure and operations were con- 
ducted in the old manner, the wells flowing 
at nearly full capacity. The wells at first 


the production-decline slopes of the crestal 
wells abruptly steepened to about 80°, and 
in two or three years more declined to 
uneconomic rates. Wells lower on the struc- 
ture were drilled later and behaved quite 
differently. Those halfway down the flank 
came in at lower initials and declined 
slowly at less than a 45° slope, but in a few 
years they too abruptly changed trend to a 
steep slope of about 80° and within two or 
three years thereafter declined to uneco- 
nomic rates. Wells low on the flanks, which 
were completed still later, came in at still 
lower initial productions but have since 
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held their productions with little or no de- 
cline. Today there is a circle of producing 
wells around the edge of the pool with no 
interior wells producing. 

This field, older and smaller than Okla- 
homa City, has had a similar experience. 
Early in its life, the gas was blown off 
through the crestal wells and within two 
years the gas and oil started to segregate 
and to form a low-pressure secondary gas 
cap in depleted sand updip, while the oil 
gravitated down the flank to resaturate the 
sand with nearly dead oil, in a manner 
similar to curve 2 in Fig. 5. The gas cap did 
not form first exactly at the apex of the 
structure but a little to one side and under 
an undrilled location and later was dis- 
covered when the location was drilled. Still 
later, another local gas cap was formed 
rather low on the plunge of the fold, but 
these two local gas caps soon merged into 
the main gas cap. The field passed through 
a transition stage from gas-drive to gravity 
drainage, lasting nearly four years. 

The change in the curve trends mentioned 
above and shown in Fig. 6 are explained as 
follows: In well No. 1, which was near the 
crest, the change from the 63° to 80° slope 
occurred when the gas drive collapsed and 
oil started to gravitate away from the well. 
Well No. 2, midway down the flank, was 
completed just after gravity drainage be- 
gan, and for nearly four years oil was drain- 
ing toward it, after which the oil front 
passed it and oil was then draining away 
from it. 

The recession of the gas-oil front downdip 
has been quite regular and has nearly fol- 
lowed contours. Wells have successively 
and abruptly lost oil production and gone 
to gas while the low-pressure gas cap has 
progressively enlarged. 


LAKEVIEW PooL, CALIFORNIA 


The Lakeview pool is on the north flank 
of the Thirty Five anticline in the Sunset- 
Midway district of Kern County, Cali- 
fornia. The geology and early history are 
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described by Pack® and the occurrence of 
gravity drainage is described by Sanders,’ 
who is freely quoted. 

The famous Lakeview gusher, which 
opened the pool, came in on March to, 
rg1o. Ina few days it got out of control and 
flowed wild for 544 days, during that period 
reaching rates of 65,000 bbl. daily. Some 
8,250,000 bbl. was produced. After the well 
ceased flowing, it was cleaned out, but it 
flowed thereafter for only a short time and 
efforts to make it pump failed. Sanders says: 
“The reason for this condition was not 
known but in view of present knowledge it 
seems quite certain that the fluid level had 
receded downdip to leave the bottom of the 
famous-well in a zone of low-pressure gas.” 

The discovery of the Lakeview gusher 
was followed by a frenzied drilling boom 
but the results were disappointing. Some 
wells updip found little or no sand and 
wells downdip found oil sand that would 
produce only low-pressure gas. ‘‘This con- 
dition led ultimately to the conclusion that 
the gusher had exhausted its producing 
sand.” 

Later it was determined that the Lake- 
view sand was one of a series of buttress 
sands along the north flank‘of the Thirty 
Five Hill anticline. In 1919, two wells 
drilled into the gusher sand would not flow 
but pumped at phenomenally steady rates. 
At the time it was not known that the wells 
had been completed into the Lakeview 
sand, nor was it understood why gas was 
lacking in this sand and why production 
held up so steadily. 

Beginning in 1934, Fay L. Wright, and 
later W. E. Dunlap, made detailed studies 
of the area, which led to the discovery of 
the true conditions, and by June 1939, 
88 wells had been drilled to the Lakeview 
gusher sand, of which 78 were producing. 
It was found that structurally high wells 
produced only low-pressure gas and struc- 
turally low wells produced a mixture of oil 
and water, but wells in between were good 
pumpers, one well having had an initial 
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production of 800 bbl. daily. The oil was 
22°A.P.I. and it was accompanied by 
very little gas. This productive zone was 
from 1¢ to 14 mile wide and extended 
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estimated at 7,000,000 bbl.; thus the 
ultimate estimated recovery is 27,250,000 
bbl., of which 30 per cent was by gas drive 
and 7o per cent will be by gravity drainage. 
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2 miles along the strike. The dip was 20°, 
the sand zone “feathered out” updip but 
reached a maximum productive thickness 
of 200 ft. just above the water level. The 
Lakeview sand is divided into three dis- 
tinct ‘‘fingers’’ by shale breaks. 

It was soon discovered that the oil level 
dropped regularly and that updip wells 
would lose production and then go to low- 
pressure gas. It was also observed that 
edge water was nearly stationary. These 
facts led to a correct diagnosis of conditions. 
In 1919, the oil level was known to be at 
about minus 1200 ft.; in January 1935, it 
was at minus 1600 ft., and in February 
1938, it was down to minus 1924 ft. The 
estimated rate of drawdown in 1938 was 
12.8 ft. per month, or 5 in. per day, and 
“so regular is this recession that the drop 
in the fluid level may be determined by 
the volume of the oil withdrawn, just as in 
a tank. For every 51,000 bbl. of oil pumped 
from the reservoir, the fluid level is now 
lowered one foot. With this knowledge, 
the calculation of reserves in the pool has 
become simple and accurate.” 

The Lakeview sand to the date of 
Sanders’ -article had produced a total 
12,000,000 bbl. under gravity-drainage 
conditions, and the future production was 
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One well near the top blew off all the gas 
from a reservoir 2 miles long, containing 
27,250,000 bbl. of recoverable oil, and the 
oil front then leveled or nearly leveled off 
and receded uniformly downdip; a year 
later, oil was withdrawn from downflank 
wells. There is no information on the 
transition stage except that as soon as the 
gas pressure would no longer lift the oil 
into the Lakeview well, the oil drained 
away from the sand at the bottom of the 
hole and there was no oil there to be 
pumped. 


OKLAHOMA City PooL 


The gravity drainage in the Wilcox sand 
in the Oklahoma City pool has been de- 
scribed by Katz,* and the geologic condi- 
tions of the history of the pool have been 
described in many other earlier articles. 

The development of gravity drainage in 
Oklahoma City has been quite similar to 
that in the field first described. The Okla- 
homa City pool was drilled first along its 
upper margins, where there appear to have 
been several small original gas caps. Though 
the Wilcox sand production was curtailed 
to some extent, the gas was rapidly blown 
off and reservoir pressures were rapidly 
reduced. Evidence of the segregation of 
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gas from oil and gravity drainage appeared 
quite early. Fluid levels became low and 
migrating gas caps were reported. Because 
of the great extent of the Wilcox pool and 
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above the gas-oil interface should enable 
the oil to be recovered at a faster rate and 
at cheaper production expense. In another 
pool, gas injected into the gravity-drained 


OIL HA 
WATER 
SHALE KS 


Frc. 8—SEGREGATION OF GAS FROM OIL IN A MULTIPLE SAND SECTION. 


the delayed development of the northern 
portion, the development of gravity drain- 
age began at different times in different 
parts of the pool. 

Judging from the curve reported by H. C. 
Miller’ (see Fig. 5), the segregation of gas 
and development of gravity drainage began 
to be important in 1934, when the average 
pressure became less than 750 lb., and was 
virtually complete by 1936, when the aver- 
age pressure had dropped to 50 lb. This 
period of some two years is judged to be 
the transition period, and since that time 
recovery has been under gravity drive, as 
described by Katz. However, during this 
same period, edge water advanced for a 
time and then stopped. The present condi- 
tions are shown in Fig. 8. 

The Wilcox sand is very permeable, the 
oil is of low viscosity and dips are up to 
15°, hence conditions are favorable for 
gravity segregation. 

The writer doubts whether gas repressur- 
ing would materially help ultimate recovery 
but the building up of the gas pressure 


secondary gas cap did not cause the wells 
there to produce again but it did increase 
the productive rates of wells located below 
the gas-oil front. 


GRAVITY DRAINAGE IN A FIELD WITH 
IRREGULAR SANDS 


The fourth example of gravity segrega- 
tion and drainage occurred in a part of a 
field where the sands had dips of 30°. The 
wells produced from a multiple zone of 
alternating sands and shales several hun- 
dred feet thick. The zone was divided into 
five to eight sand bodies and each sand 
body was split by shale partings. There 
was considerable irregularity in the pro- 
ducing section, both along the bedding 
and between beds. The sand varied from 
medium to fine in grain size and was poorly 
cemented. The slow build-up of pressures 
and the large differences in bottom-hole 
pressure between near-by wells showed 
much impedance, due partly to low perme- 
ability and partly to lateral irregularities. 
The oil was originally undersaturated with 
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gas but had average viscosity. The wells 
were produced under high back pressure 
through small chokes, and pressures de- 
clined slowly. The wells downdip main- 
tained low gas-oil ratio for many months 
but those updip developed increasing 
gas-oil ratios early. Bottom-hole pressures 
are still more than half the original solution 
pressure. There was no evidence of an 
original gas cap and edge water has 
encroached only slightly. 

Because of irregularities in structure and 
bedding, the conditions are complicated in 
detail, but the important conditions that 
affect the development of gravity drainage 
are given. 

After the wells had produced for a few 
years, even the wells low on the structure 
began to develop high gas-oil ratios. It 
was suspected that gravity segregation and 
drainage were going on, so when two new 
wells were to be drilled down to deeper 
sands occasion was taken to test out con- 
ditions in this upper zone. 

The two wells were drilled about r1oo0 ft. 
apart and nearly on strike. Between was 
an old well in the upper sand, which had 
produced at solution gas-oil ratios for some 
months after completion but recently had 
built up to gas-oil ratios more than five 
times the solution ratio. In the new wells, 
the producing section was cemented off 
and then each sand body was shot out and 
tested separately. Various conditions were 
disclosed. Some of the sands would produce 
gas only, some had high and others had 
moderate gas-oil ratios while some sands 
produced at nearly solution ratios. There 
was no systematic relationship to relative 
depth, as gas was found both above and 
below sands with low gas-oil ratios. The 
conditions are illustrated diagrammatically 
in Fig. 8. 

It was concluded that segregation had 
taken place but, owing to irregularities, at 
a different rate in each sand member; in 
some, the gas-oil front had already receded 
downdip past the wells and the sand would 
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produce only gas; in other sands, the oil 
front had not reached the well and the sand 
would still produce at low gas-oil ratios; 
in still other sands, either the front was 
near the well or, owing to variations within 
the sand member, it had several minor 
fronts and the well produced oil but at a 
high gas-oil ratio. 

From the production histories of the 
other wells in the area, it was evident that 
the oil was draining downdip, but quite 
irregularly, as was to be expected where so 
many sands were being produced together 
through each well, and where there was so 
much irregularity both between sand 
members and along the bedding of each 
sand member. 


REPRESSURING A GRAVITY-DRAINED 
RESERVOIR 


In one field, which had had a history 
similar to the first three examples, gas was 
injected later from another source into the 
drained crestal area after the original gas 
had been depleted to nearly atmospheric 
pressure. Forcing gas through the sand 
of the gravity-drained area led to no com- 
mercial production but built up the gas 
pressures; the fluid levels and the poten- 
tials of the wells below the gas-oil contact 
increased by several times and the daily 
rate of production was increased cor- 
respondingly. The result of this repressur- 
ing was to speed up recovery and reduce 
lifting expenses of the oil remaining down 
the flanks. 


MAKING A CHOICE BETWEEN 
RECOVERY AGENTS 


Since natural conditions often permit 
choice between the three recovery agents by 
preferential use of one and repression of 
the other two, careful studies should be 
made of the conditions that will permit 
such choice, and the comparative advan- 
tages of the three methods under different 
natural and economic conditions. Such a 
study should include comparisons of 
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ultimate oil recoveries, rates of recovery 
developing costs, operating expenses and 
conservation of gas. 

Though high ultimate recoveries can be 
secured by continued secondary gas drive 
in the laboratories, equalling in some 
experiments water and gravity drives, 
much of the recovery is under conditions 
that would be uneconomic in the field, and 
it is generally admitted that under field 
conditions, dissolved and dispersed gas 
drive almost always results in lowest 
economic recovery, and that it should be 
used only where other agents are not 
effective or where its use is justified by 
some economic advantages. There are 
many fields where, because of low dips and 
tight sands, neither edge water nor gravity 
is effective and either gas drive or artificial 
water-flooding must be employed. Eco- 
nomic conditions will largely determine 
which should be used and whether the field 
should first be produced under natural gas 
drive before artificial gas drive or water 
drive should be applied. It is to such fields 
that secondary-recovery methods are most 
applicable. 

There are other pools that are favorable 
for gravity drainage but into which edge 
water will encroach not at all or only toa 
limited distance. In many pools, edge water 
encroaches so slowly that either it is 
brought to a stop by edge wells pumping 
out the water as fast as it enters the 
reservoir or it encroaches more slowly than 
oil can drain downdip. In still others, there 
is a limited water supply and encroachment 
soon ceases. Under some conditions, it is 
possible for edge-water drive to go on 
around the lower edge of the pool and at 
the same time gravity drainage can be 
going on updip, the two working toward 
each other. 

As a rule, reservoirs into which edge 
water can encroach rapidly and finally 
flood the reservoir completely have natural 
conditions within the oil-bearing portion 
of the reservoir that are favorable for 
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gravity drainage, but it would be necessary 
to hold back the edge water by injecting 
gas from other sources in order to maintain 
a gas pressure greater than edge-water 
pressure if encroachment were to be 
blocked completely and gravity drainage 
permitted to become the sole effective 
recovery agent. 

Since usually there will be such a choice 
wherever edge-water drive can be made 
effective, it is important to determine under 
what conditions gravity drainage would be 
preferable. Until recently, there was a 
preconception that edge-water drive was 
the most efficient agent possible, but the 
writer doubts whether there is enough 
information available to warrant such a 
conclusion at this time. So far, the favor- 
able opinion on the effectiveness of water 
drive has been formed from comparisons 
with dissolved gas drive but gas drives 
occur in fields where recovery conditions 
are least favorable, whereas the comparison 
should be made between edge-water drive 
and gravity drainage. Until there is a 
proper basis for comparison between edge- 
water drive and gravity drainage under 
comparable conditions, conclusions should 
be reserved. From the little information 
available to the writer, he suspects that, 
under some conditions at least, higher 
and more profitable recoveries are possible 
by gravity drainage. The bases for this 
belief are partly presented. 

Experiments on tubes of sand (atmos- 
pheric moisture not removed) showed that 
after drainage water could be passed up- 
ward through the depleted sand without 
displacing any oil, hence it would appear 
that drainage can remove at least as much 
oil as water displacement under such 
conditions. 

When oil is displaced from sand by a 
rising column of water, a certain percentage 
is displaced water free, after which oil and 
water are produced together. In the field, — 
production has to cease because of high 
lifting costs as water increases. Even in a 
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uniform sand, production would have to 
be stopped before maximum displacement 
has been reached. On the other hand, oil 
lagging behind in a gravity-drainage system 
can reach lower wells and the economic 
limit would be determined by low oil- 
production rates rather than by high water 
rates. It would appear probable that there 
would be less loss by this lagging, and hence 
higher commercial recovery, in a uniform 
sand under gravity drainage than under 
water displacement. 

Nonuniform sands cause much trouble in 
both edge-water drive and gravity drainage 
(Fig. 8). In both, the oil fronts in the 
several sand members will advance fastest 
in some one of the several sand members. 
When a water front reaches a well, much 
water must be pumped with the oil, or the 
well plugged or the sand member located 
and cemented off. These irregularities will 
also cause entrapment of bodies of oil by 
the water, so that recoveries will be much 
less than shown by laboratory tests in 
uniform sands. 

In the same irregular sand body, the oil 
would drain downdip fastest in the sand 
member through which water would invade 
fastest. When the oil front in this member 
passed a well, the well would produce at a 
high gas-oil ratio, and to maintain pressure 
there would be an increased expense for 
raising the gas back to injection pressure. 
The operator would be confronted with the 
alternative of: (1) continuing the expense 
of boosting the gas back to injection pres- 
sure, (2) shutting in the well, (3) plugging 
it or (4) locating the gassy sand member 
and sealing it off. There would, however, 
not be so much danger of entrapping bodies 
of oil that could not afterward be recovered. 
After the lowest wells had become too 
gassy, it might still be feasible to drill wells 
that would exclude all but the sand mem- 
bers that still were saturated with oil. The 
desirability of completing wells in such 
manner that the sands composing the 


produced section can be isolated if needed 
is quite evident. 

This reasoning is supported by the find- 
ing by Katz in the Oklahoma City pool, 
where he reports that the sands above the 
gas-oil front were more completely denuded 
of oil than the oil sands into which edge 
water had advanced; also, that laboratory 
tests favored gravity drainage over water 
displacement. However, Oklahoma City 
may be a special case, as the sands origi- 
nally were nearly lacking in connate water 
and conditions were exceptionally favorable 
for gravity drainage. 


CONCLUSIONS 


Gravity is an everpresent force in oil 
fields that will drain oil from the reservoir 
rock from higher to lower levels wherever 
it is not overcome by encroaching edge 
water or expanding gas. Gravity has always 
been recognized as one of the three main 
recovery agents but generally it has been 
dismissed as relatively unimportant, con- 
sequently study of it has been neglected. 

Field evidence shows that in some 
reservoirs gravity has been effective and 
has resulted in recoveries equal to or per- 
haps exceeding what could be expected 
from water displacement. So far, effective 
gravity drainage appears to have been 
mostly unpremeditated and with little or 
no foreknowledge of the conditions and 
manner of operations most favorable for it. 
A study of the principles will disclose that 
gravity drainage can be applied more 
effectively and to more reservoirs than has 
accidentally occurred until now. These 
principles will apply particularly to the 
effectiveness of pressure maintenance by 
means of gas. In some field, the operator 
will have the option of using either natu- 
rally encroaching edge water or gravity 
drainage in conjunction with maintenance 
of gas pressure, therefore it is important to 
determine which is the more effective 
under a given set of conditions. At this 
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time we do not know what proportion of 
our oil fields could be benefited by the 
application of gravity-drainage principles. 

Further investigations of gravity drain- 
age are needed to round out our knowledge 
of the performances of oil reservoirs. This 
will involve further laboratory and theo- 
retical investigations coupled with a survey 
of field conditions to determine where, to 
what extent and under what conditions 
gravity drainage has been important or 
could be made effective. It is urged that the 
members of this organization reexamine the 
fields with which they are familiar and 
publish any evidences of gravity drainage 
to the end that such information can be 
compiled and analyzed and the results be 
made known to the industry. As the 
behaviors of wells under water encroach- 
ment and gravity drainage may be similar 
until either water or gas reaches the well, 
pools supposed to be favorable for edge- 
water drive should be reconsidered to 
determine whether in fact edge water is 
the dominant agent. 
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. The Role of Capillarity in Oil Production 


By G. L. Hasster,* E. BRUNNER* AND T. J. DEAHL* 
(Austin Meeting, October 1942) 


ABSTRACT 


Tue capillary effects in reservoir rock are 
discussed in terms of the pressures they cause 
in sandstones and dolomites. Data for the two- 
phase case (oil-gas or water-gas) and for the 
three-phase case (oil, water and gas in rock) are 
used to demonstrate that in one sense the 
wetting preference of a rock depends on its 
saturation. The nature of capillary hysteresis is 
described for partially stable conditions, and 
the concept is enlarged. Reproducibly measur- 
able pressures include the “capillary pres- 
sure,” which is the pressure difference between 
any two phases that are each interconnected; 
the “threshold pressure,’’ necessary to force a 
nonwetting phase through partially saturated 
rock; the “‘displacement pressure,’ which is 
that special case of the threshold pressure in 
which both phases fully saturate separate 
portions of the rock. Displacement pressure is 
equal to the minimum value of the “capillary 
pressure.” 

The theory of flow including capillary forces 
is developed at the producing surface of a well 
to reveal the presence there of a pressure dis- 
continuity in the gas (or other nonwetting) 
phase that can be controlled to the end that 
more oil may be produced from an oil field. 
Experiments with packed sand-flow tubes 
having artificial producing surfaces support the 
theory. 


INTRODUCTION 


The basic surface quantities acting in an 
oil field are two: namely, surface tensions 
and contact angles. These are the quanti- 
ties, variously expressed, and particular- 
ized as spreading forces, adhesion tensions, 
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heats of wetting, etc., which are measured 
in the laboratory by techniques mostly 
confined to flat or circularly cylindrical 
surfaces. Such measurements have not had 
the extensive engineering application they 
seem to deserve because in most practical 
cases they are unavoidably compounded 
with the complex and unapproached sub- 
ject of the internal shape of the interstices 
of rock. 

In this paper it is intended that the 
pressure differences developed in rock by 
capillarity be examined, defined, and given 
some engineering use in terms of some new 
measurements that have been made. Such 
pressure differences—namely, the capil- 
lary pressure, the displacement pressure 
and the threshold pressure—seem to pro- 
vide a proper contact between the basic 
molecular quantities and the oil field. 

While certain modifications of usage will 
be undertaken, the present effort rests 
upon the background of work by the U. S. 
Geological Survey,! by Versluys,? and 
especially by W. O. Smith,**° which has 
been reviewed recently in papers by 
Leverett.*7 

The most important concept of pressure 
difference is the capillary pressure, a func- 
tion of saturation that expresses the pres- 
sure difference between the interconnected 
phases ina rock. It is often measured when 
water and air are the fluids present, but it 
can be measured with other fluids. A num- 
ber of curves of capillary pressure have’ 
recently been measured by a method which 
it is intended shall be published in a later 
paper. Since heretofore capillary-pressure 
measurements upon rock have not been 


1 References are at the end of the paper. 
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available, these new measurements are pre- 
sented here to facilitate discussion. 


Two-PHASE CAPILLARY-PRESSURE 
MEASUREMENTS 


Fig. 1 presents a group of curves that 
were obtained with argillaceous, soft sand- 
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Fic. 1.—CAPILLARY-PRESSURE CURVES OF 
SANDSTONES FROM A CALIFORNIA FIELD. 
Permeability plugs of one centimeter radius 
(extracted with benzene) were used with water. 
The figures give the permeability in millidarcys 
of the respective samples. 


stone from an oil field in California. Fig. 2 
shows data from cavernous dolomitic core 
samples drilled from a field in Texas. Fig. 3 
describes a miscellaneous group of sand- 
stones from Mid-Continent fields. The 
ordinates, expressed in atmospheres to con- 
form with the Darcy system of units, give 
the pressure difference that occurs across 
the interface between water and air in the 
core when the core is first saturated with 
water and then progressively desaturated. 
The curves do not show any points because 
the procedure used in obtaining them does 
not measure directly either the saturation 
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or the capillary pressure. For this reason it 
is difficult to estimate error. However, it is 
likely that the error includes the usual 2 or 
3 per cent uncertainty of saturation and: 
about 5 per cent probable error in the 
pressure. 

In the single case of the 148-millidarcy 
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Fic. 2.—CAPILLARY-PRESSURE CURVES OF 
DOLOMITIC LIMESTONE SPECIMENS FROM A 
TEXAS FIELD. 

The specimens were somewhat cavernous 
but with very few holes larger than one 
millimeter. Permeability plugs (benzene ex- 
tracted) were measured with water. The figures 
give the permeability in millidarcys. 


dolomite, Fig. 2 shows a set of points ob- 
tained by another less accurate method of 
measurement, which is adapted to the 
observation of the lower (absorption) 
branch. In this less accurate procedure, 
the points of the upper branch give the 
pressure necessary to withdraw water 
from the artificially saturated core. At 
saturation 0.42 the process was reversed, 
and the pressure exerted by the core in 


sucking the oil back into the core was. 


measured. A wait of about 15 min. was 
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involved at every point, to establish rea- 
sonably valid equilibrium. 

The upper branch is reproducible, but 
the lower (absorption) branch is instead 
one of a family of curves, each member 
being farther to the left in accordance with 
the degree of desaturation reached before 
the process is reversed. Furthermore, the 
exact value obtained seems to be fortuitous 
in other respects. 

An average curve of capillary pressure 
for a group of reasonably hard representa- 
tive Mid-Continent sandstones could be 
represented by the formula 


Ske = 2.53 ‘< 4 *) (o.s2°*—0.25) 


where & represents the permeability in 


_millidarcys, s is the saturation expressed 


as a proper fraction, and 7 is the capillary 
pressure in atmospheres, measured with 
water and air as the fluids in the rock. While 
this formula occasionally may be used for 
guesswork based on permeabilities, it must 
be emphasized that the capillary-pressure 
curves of sandstones even of the same 
permeability differ greatly from each other 
both in respect to magnitude and shape, 
as can be seen by inspecting the data of 
Figs. 1, 2 and 3. No systematic variation 
with porosity has been found in rock. 

The shape and position of these capillary- 
pressure curves have to do primarily with 
the distribution of pore sizes in the rock 
and partly also with the contact angle.® 
At full saturation a certain threshold pres- 
sure exists, which measures the curvature 
of the flattest surface that can exist within 
the largest effective pore. As the satura- 
tion is reduced, gas penetrates smaller and 
smaller pores and more deeply into rock 
angles at points or lines of grain contact, 
until a low saturation is reached where very 
high curvatures are encountered, so high 
that the two-phase capillary-pressure curve 
seems in its vertical rise to approach an 
irreducible saturation asymptotically. The 
threshold pressure first mentioned is be- 
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lieved to be the equivalent of the ‘‘displace- 
ment pressure’’® as previously defined for 
porous materials, while the irreducible 
saturation corresponds to the “wilting 
point” of soils.* 
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Fic. 3.—CAPILLARY-PRESSURE CURVES OF 
MISCELLANEOUS MuIp-CONTINENT Ol1L-FIELD 
SANDSTONE. 

Permeability plugs (benzene extracted) 
were measured with water. The figures give the 
permeability in millidarcys. 


In most cases the irreducible saturation 
measures the pore space of the clay content. 


CAPILLARY PRESSURE AT CRITICAL 
SATURATIONS 


A common feature of well-sorted sand- 
stones, such as the 218-millidarcy core of 
Fig. 3, is’ the almost horizontal ‘“‘seat” 
extending to the left from 100 per cent 
saturation (where the ordinate represents 
the displacement pressure) over a wide 
range of decreasing saturation. For exam- 
ple, in the case of the 218-millidarcy core 

*The ‘wilting point’? seems to be the 
saturation that corresponds to about 16 atmos- 


pheres, or 480 ft. of water, which is the limit of 
the suction capacity of plant material. 
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of Fig. 3, one may conclude that the pores 
were so uniform and so well rounded that 
after the air broke through the outer sur- 
face with a radius of curvature of 11 
microns (obtained by dividing twice the 
surface tension by the pressure), a reduc- 
tion in radius of curvature to only 9 mi- 
crons enables 60 per cent of all the pore 
space to be swept clear of water. At 15 per 
cent, however, the advancing heads of 
air-water meniscuses began to encounter 
the filling of clay, so that little more water 
could be forced out of the core even though 
the radius of curvature was made less 
than one micron. 


THREE-PHASE CAPILLARY-PRESSURE 
MEASUREMENTS 


Fig. 4 presents a set of measurements for 
the capillary pressure (suction) of oil at 
enough proportions of oil, water and gas 
to permit extrapolation of this interesting 
quantity over most of the ternary diagram 
The oil data refer to a piece of fine-grained, 
well-cemented sandstone having a per- 
meability of 87 millidarcys. In these meas- 
urements the saturations and pressures 
were obtained directly, so that the posi- 
tions in the diagram (decimal points) and 
the upright figures described primary data 
in atmospheres for the capillary-pressure 
difference between oi/ (kerosene) and air. 
The slanted figures give approximate 
capillary-pressure difference between water 
and air for a different group of similar cores 
for purposes of rough comparison. The 
contours of Fig. 4 are drawn to indicate 
lines of equal suction for oil. 

Evidently the water suction is roughly 
symmetrical with respect to that of the 
oil, being in excess by the ratio of the air- 
liquid surface tensions. While the data 
available are few, it seems likely that 
where the oil and water used in this test 
have no preference as to which will be the 
external phase in an emulsion, the wetting 
preference of the rock will be revealed by 
the lack of a reciprocal symmetry in the 
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contour sets of oil and water capillary 

pressures as plotted in the ternary diagram. 
All the data of Fig. 4 represent the 

desorption branch of the hysteresis loop. 


GEOMETRICAL EXPLANATION OR 
VISUALIZATION OF CAPILLARY 
PRESSURE 


The value of capillary-pressure data 
lies principally in the fact that capillary 
pressure is a thermodynamic quantity 
that does not depend for its usefulness (as 
a measure of the tendency of liquids to 
move) upon the truth of any particular 
physical picture of its origin. Nevertheless, 
it is worth while to consider carefully the 
behavior of the interfaces whose curvatures 
give rise to the capillary pressure, as this 
behavior is affected by the size, shape, 
distribution and wetting characteristics of 
the pore spaces in the rock. Smith?:*> has 
discussed capillary pressure in some. detail 
from this point of view, his theoretical 
considerations culminating in an explana- 
tion of King’s data on the capillary pres- 
sure of sand in terms of a model consisting 
of a pack of equal spheres. This work has 
recently been reviewed by Leverett:® 


CAPILLARY HYSTERESIS 


A phenomenon that one is led to expect 
by. such a theoretical consideration of 
capillary phenomena in porous media, and 
which is in fact verified by experiment, is 
that of hysteresis. The capillary pressure 
is not uniquely a function of the saturation 
but depends also on the previous history 
of the system. This hysteresis arises from 
the complex geometry of the porous 
medium that allows the fluids to be in 
equilibrium with different distributions and 
different capillary pressures. The particular 
distribution that the fluids will assume, and 
hence the capillary pressure that will 
obtain, will naturally depend on the 
immediately preceding distribution. In the 
various states of distribution considered 
here it is supposed that both phases are 
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continuous throughout the porous medium. 
The states are then stable; they represent 
true equilibrium. 

Besides these various possible stable 


100% WATER 


159 


we shall call “‘trap”’ hysteresis. While such 
trapped globules or bubbles may be in 
equilibrium, or nearly so, when they are 
first formed the equilibrium is not in 


100% 
GAS 


100% ON 


Fic. 4.—TERNARY DIAGRAM OF CAPILLARY SUCTION OF SET SANDSTONE FOR OIL. 
A permeability plug of 87 millidarcy sandstone extracted with benzene was measured with 
water, kerosene and air. The circled figures mark contours of the capillary pressure 7oil-gas in 


atmospheres. The upright figures show the measurement of 


Toil-gas at the decimal point position. 


The inclined figures give the capillary pressure twater-gas for individuals of a different group of 


virgin (not extracted) sandstone cores. 


distributions of the fluids, which give rise 
to what we shall call “optional” hysteresis 
in the capillary pressure, other distribu- 
tions are possible in which small globules 
or bubbles of the nonwetting fluid become 
separated from the main connected body 
of fluid and are trapped, either in dead-end 
interstices or in interstices with only narrow 
necked openings. The possibility of such 
entrapment clearly gives rise to further 
hysteresis in the capillary pressure, which 


general stable. Since the volume of 
the trapped globule is fixed (except to the 
extent that it may be compressible), the 
curvature of the meniscus that separates 
it from the other fluid cannot change. If 
the pressure difference between the two 
fluids (the capillary pressure) is increased, 
the trapped globule will tend to dissolve 
and finally emerge after diffusion in the 
main connected mass of fluid. This process, 
however, is very slow, so that while fluid 
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distribution involving trapped globules or 
bubbles is not stable, for many purposes it 
may be regarded as practically so. 

When trapped bubbles are present, differ- 
ent bubbles may be bounded by meniscuses 
with different curvatures, since they are 
not in equilibrium. In such a case the 
pressure difference across the boundary of a 
bubble will be different for different bubbles. 
Since it is convenient to define capillary 
pressure as the pressure difference across 
the interface between the two phases, the 
trapped bubbles, with their multitude of 
such pressure differences, introduce a 
troublesome disunity of thought. Because 
of this theoretical incoherence, the lack of 
equilibrium, and its relative nonrepro- 
ducibility, previous authors®*® have chosen 
to disregard what is here called ‘“‘trap” 
hysteresis. Nevertheless the capillary states 
involving trapped bubbles are relatively 
stable and apparently are real phenomena 
in oil-field rocks. Moreover, it now appears 
that in many oil-field problems, trap 
hysteresis is a fact that should not be 
disregarded. The “heading” of flowing 
wells, the encroachment of oil into a gas 
cap, and the daily repressuring cycle of 
intermittently operated gas-drive proper- 
ties are examples of operating situations 
where these quasi-stable “trap” hysteresis 
states are important. In this paper trap 
hysteresis will therefore be recognized and 
capillary pressure will be redefined so as 
to take it into account. Capillary pressure 
in a porous medium is defined accordingly 
as the pressure difference that occurs 
between the mobile interconnected masses 
of the two fluid phases in question, 
and it will be associated with the 
saturation at which it occurs, even though 
the relation is not altogether permanent. 
One difference between the previously 
recognized and presently recommended 
types of capillary-pressure curves for real 
material lies in the fact that the lower 
branch of a hysteresis loop of capillary 
pressure as now defined may meet the 
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axis at relatively low saturation, as in 
Fig. 2. As capillary pressure has previously 
been defined, the measurements would 
have to be made after such long waits for 
diffusion equilibrium that the curve would 
meet the axis only at full saturation. 


MEASUREMENTS OF THE WETTING 
PROPERTIES OF ROCK 


The ideas set forth may now be used to 
examine in detail the ‘“‘displacement- 
pressure’? measurement of the wetting 
preference of porous materials as developed 
by Bartell and Osterhof.*. In this measure- 
ment a porous material, generally of a 
pure, carefully sized substance, such as 
silica, is held in a containing chamber 
between two pipes that communicate with 
the interstitial spaces on opposite sides 
of the porous material. It is arranged that 
two immiscible fluids form a surface of 
contact within the porous material, each 
fluid communicating with an external 
manometer through a separate pipe. Gen- 
erally it will be found, with this apparatus, 
that a reproducible pressure exists across 
the surface of contact of the fluids. This 
pressure is called the ‘‘displacement pres- 
sure”’ because it occurs during the displace- 
ment of one fluid by the other. . 

The pressure is directed toward the non- 
wetting fluid and is said to be proportional 
to the surface tension and the cosine of the 
contact angle and inversely proportional 
to the effective radius of the interstices 
of the porous material. By the use of pre- 
liminary measurements with immiscible 
fluids of known interfacial tension and 
contact angle, one can, according to Bartell 
and Osterhof,®° determine this effective 
capillary radius of the interstices, and 
thereafter determine the contact angle of 
any fluid pair in terms of such constant 
radius and the measured “displacement 
pressure.” While it seems to us that a 
correction term may be necessary to take 
account of the possibility of a dependence 
of this “effective radius” upon the contact 
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angle, the measurements made in this way 
are known to give reasonably coherent 
results. 

In this displacement process there can 
be no plane or moderately curved surface 
that sharply bounds the two phases. It is 
known that the flooding process leaves a 
volume of undisplaced fluid behind the 
encroachment front of the order of one 
fifth or more of the whole pore volume. 
~ As demonstrated above by the success of 

Smith in explaining the experiments of 
King, surface equilibrium within a pack 
of comminuted solids demands a uniformly 
curved interface between the two phases. 
In consequence, no sharp gradation bound- 
ary of saturation is stable; in complete 
equilibrium, the displacement cell would 
necessarily have a uniform saturation of 
both fluids except for minor optionai 
hysteresis everywhere within the sample. 
One is led to inquire which saturation of 
the curves of Figs. 1, 2, 3, 4 corresponds to 
the pressure that obtains in the displace- 
ment-cell experiment. 

Evidently it is the saturation that cor- 
responds to the least capillary pressure, for 
this is the condition that will first cause 
movement. The static pressure that can 

- be developed by the meniscus in the largest 

available interstice is the displacement 
- pressure. This pressure is equivalent to the 
least static pressure that is sufficient to 
force the (nonwetting) fluid through a 
saturated zone of the material, as in driving 
gas out of a partly saturated rock through 
a surface that is immersed in water.* It is 
also equal to the least pressure necessary 
to drive the fluid into the core when it 
is completely saturated with a second 
immiscible fluid that is entirely free to 
escape.} The “displacement pressure” can 
thus be measured at a fluid displacemen. 
*This type of measurement has been 
described in connection with a method for 
measuring the size frequency distribution of 
the interstices of rock.1! 

+ This type of measurement has been used 


in connection with early measurements of 
relative permeability to gas.12 
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boundary inside the porous specimen, and 
also at the outside boundary of the 
specimen either by driving toward or 
away from the saturated surface provided 
only that static conditions prevail. As will 
be further described later, these last two 
types of measurement have special sig- 
nificance in determining the important 
critical’ saturation, in the first case, and 
in determining the effect of the outlet 
surface on production efficiency in the 
second. The Bartell-Osterhof cell or in- 
ternal-boundary procedure®® is of greatest 
significance in determining the contact 
angle or wetting preference of pure 
materials. 

The cases similar to those above, but in 
which definite movement of the gas into 
and through a fixed saturated zone take 
place, exhibit a special kind of “dynamic” 
as opposed to “static” displacement 
pressure. This pressure probably is as well 
defined a characteristic of rock as the 
displacement pressure. 

In such cases a characteristic saturation" 
called the critical (or equilibrium) satura- 
tion of the rock prevails. But the capillary 
pressure at the critical saturation can be 
measured by static experiments. One might 
suppose that this capillary pressure at the 
critical saturation is actually the effective 
“dynamic” displacement pressure, which 
will be called the critical displacement 
pressure. The data necessary to prove that 
this supposition is correct have not yet 
been obtained. In most cases the difference 
between capillary pressure at full satura- 
tion and capillary pressure at critical 
saturation is small, and there is a possibility 
that capillary pressure under dynamic 
conditions may be so variable as to blanket 
the distinction. 

In order to extend the discussion to the 
wetting properties of real rock, Fig. 5 is 
presented. The two curves show the 
capillary pressure 7, as measured for a 
piece of sandstone having permeability 
87 millidarcys. 
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Curve a gives the capillary pressure 
found during slow displacement of water 
by air. Curve 6 gives the capillary pressure 
found during slow displacement of kerosene 


KS ial 
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TT, Capillary Pressure in Atmospheres 
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Fic. 5.—CAPILLARY-PRESSURE CURVES OF 
AN 87-MILLIDARCY SANDSTONE OBTAINED BY 
DISPLACING WATER WITH: AIR AND BY DIS- 
PLACING KEROSENE WITH AIR. 


by air. If all the material in the core were 
wetted in the same way by oil-air as by 
water-air, the ratio of the capillary pressure 
measured with kerosene to the capillary 
pressure measured at the same saturation 
with water would be equal to the ratio of 
kerosene-air surface tension to water-air 
surface tension; namely, 0.41. 

While this is known to be approximately 
true in one case, it certainly was not true 
for the sandstone whose data are presented 
in Fig. 5. The ratio in question is plotted 
in Fig. 6, where curve a shows the ratio 
calculated from the data of Fig. 5 and 
curve 6 shows a similar set of ratios as 
obtained with another sandstone specimen. 

The absolute accuracy of the measure- 
ments is not such as to guarantee that the 
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ratio falls below the expected value in the 
neighborhood of the critical saturation, but 
there can be little question about the fact 
that there is a systematic variation with 


Pressure with Oil 


Capillary Pressure with Water 


Capillar 


Ratio, 


Oo 10 20 30 40 50 60 70 80 90 100 


Saturation, Per cent, 


Fic. 6.—RATIO OF CAPILLARY PRESSURE 
MEASURED WITH KEROSENE AND AIR TO 
CAPILLARY PRESSURE MEASURED WITH WATER 
AND AIR. 

The curves are believed to indicate that the 
interface contact with the rock interstices 
touches oil-wet surfaces at low saturations and 
water-wet surfaces at high saturations. 


saturation in the apparent wettability 
of the rock. In order to see how this can 
be, one must classify the points of the 
interstice boundaries according to the 
saturation at which they are touched by 
the fluid interface. The lines of contact 
of the air-liquid meniscuses with the 
interstice walls occur, at high saturation, 
only in the largest spaces and at the places 
most distant from the points or lines of 
contact of the grains of the porous medium. 
At low saturations the high capillary pres- 
sure permits the meniscuses to touch ‘only 
the finer, powdery grains and places very 
near the points of contact of the larger 
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grains. In actual rock, the fines are very 
often clays and other kinds of soft mineral, 
while the larger grains are hard materials 
such as silica. It is also said to be true? 
that hard materials such as quartz, calcite 
and glass, as a consequence of their stronger 
molecular force fields, have a strong surface 
attraction for polarizable or polar liquids 
and hence are most often preferentially 
wetted by water. The silicates in particular 
-may be arranged in a hardness series that 
corresponds with their wettability. It is 
not surprising, then, that the sandstone 
specimens cited show a repugnance for 
oil at high saturations but a strong prefer- 
ence for oil when the saturation is reduced 
to those values at which only the clays 
exert a significant capillary action upon 
the fluid boundaries. 

In addition to the change of mineral 
nature with particle size, it may be ex- 
pected, as a consequence of the selectivity 
of secondary mineralization with respect 
to curvature of the surface upon which 
secondary minerals are deposited, that 
there will be a variation of the nature of 
interstice surface with respect to distance 
from grain contacts, and hence a change of 
effective contact angle with saturation. 
For these and other reasons the curve of 
capillary-pressure ratio as shown in Fig. 6 
may respond strongly to the mineral 
composition of the rock and to the manner 
of secondary mineralizations. If the kerogen 
and oily materials be classed as secondary 
minerals, the statement has even greater 
force. 

Since the ratio of the capillary pressures 
at full saturation provides a measure of 


ve the relation between the contact angles, 


according to the work of Bartell and Oster- 
hof,® it is an obvious generalization to 
assert that, similarly, the ratio of the 
capillary pressures at other saturations 
provides a measure of a contact angle that 
obtains at those saturations. This is only a 
partial truth, however, for the assumption 
made by Bartell and Osterhof*? that the 
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“effective capillary radius” is independent 
of contact angle is believed not to be 
strictly true. For the effective capillary 
radius is equal to twice the ratio of the 
volume of fluid moved against the entrance 
pressure to the area of solid surface thereby 
newly exposed* and it seems unlikely that 
this would be independent of the contact 
angle, especially in view of the variation 
with the wetting properties of the fluids 
of the quantity of fluid left behind after a 
flood. The error made is apparently not 
significant at full saturation, but at lower 
saturations the geometry of the lines of 
contact that mark the boundary between 
two fluids would vary considerably. There 
would not ever be an approximately fixed 
interface geometry that could be called 
independent of the contact angle. Hence 
the interpretation to be placed on the shape 
of the curve for the capillary-pressure ratio 
must be qualitative for the present. It 
measures roughly the wetting preference 
of the parts of the rock interstice surface 
that touch the fluid-phase boundaries 
within the rock, but the measurement is 
tainted by a variable geometry, which 
cannot yet be dealt with quantitatively. 


UsE oF THRESHOLD-PRESSURE PHENOMENA 
IN MEASUREMENT OF CRITICAL 
SATURATION OF SMALL SPECIMENS 


In production by depletion, a very 
important property of rock is its critical 
saturation. It measures the quantity of oil 
a rock can hold without escape of gas; 
hence the proportion of oil that will be 
displaced from all parts of the depletion 
field before loss of gas occurs by flow 


* When a volume dV of fluid is moved 
against a pressure P, the work PdV is done. 
The energy thereby expended serves to remove 
fluid 1 from an area dA of solid, and replace 
it by fluid 2. If yi and y2 are the adhesion 
tensions of the two fluids, respectively, on the 
solid, the energy stored in this process is 
(y2 — yidA. Since y2 — y1 = Y cos 0, where 
y is the interfacial tension and @ the contact 
angle, we have PdV =v cos 6 dA, whence 
2dV/dA = 2y cos 0/P, and the expression on 
the right is by definition Bartell and Osterhof’s 
effective capillary radius, 
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through the sand. The distribution of 
liquid and gas within a rock is said to be 
critical provided a small decrease in liquid 
saturation would make continuously con- 
nected flow channels available to both 
liquid and gas, while a small increase in 
liquid saturation would leave the gas 
without continuously connected channels. 
The critical saturation is that saturation 
at which the critical distribution of liquid 
and gas obtains.14 Because of capillary 
hysteresis, a critical distribution can occur 
at various saturations, depending on the 
previous history of the system. There is 
thus no single critical saturation for a 
given porous medium, but rather a range 
of critical saturations; there is, however, a 
definite largest critical saturation. 

In finding this critical proportion of gas 
by experiments upon small rock specimens, 
it will be found that as the saturation of the 
rock is slowly reduced, as by successive 
applications of blotting paper, the “‘thresh- 
old pressure” that is just sufficient to start 
the flow of gas through the wet rock 
becomes less and less, until finally, at the 
critical saturation, even an infinitesimal 
pressure difference will cause a steady* 
flow of gas proportional to the applied 
pressure. Thus one may locate the critical 
saturation as the saturation where thresh- 
old pressure becomes zero by successive 
measurements of the threshold pressure, 
beginning with the displacement pressure 
at full saturation and measuring threshold 
pressures at three or four saturations 
between that condition and the “‘critical 
saturation.” The critical saturation will 
generally be observed below 85 per cent. 

The explanation for the changes of 
threshold pressure can be found readily in 
terms of the geometry of the neck of rock 
where the droplet of water occurs that sets 

* In practice the steady condition is difficult 
to observe because even a slight pressure gra- 
dient causes a boundary effect. A good arrange- 
ment for checking steady flow is to drive the 
gas vertically upward through the specimen, 


using a pressure equal to the gravity head of 
liquid within the core. 
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up this threshold pressure. In general, such 
necks will have tapering exits, as illustrated 
in Fig. 7. When the rock is fully saturated, 
as at 1, Fig. 7, an entering channel of gas 
will be constricted as always to the smallest 
diameter of the neck, but there will be no 
meniscus on the outlet side of neck to aid 
the pressure of the entering gas to over- 
come the obstacle. At a slightly lower 
saturation, however, there will be a 
meniscus on the outlet side as in 2 and 3 
of Fig. 7, and it will be the algebraic sum 
of the pressures caused by the two curva- 
tures that must be overcome by the 
threshold pressure. There are three dis- 
tinct pressures attached to this situation; 
namely, the inlet pressure and outlet 
pressure of the gas and the pressure of the 


liquid. The threshold pressure is the — 


difference between the pressure of thé gas 
at the inlet and outlet faces of the rock. 
As defined, then, both the “threshold 
pressure” and the static “‘capillary pres- 
sure” are distinct functions of the satura- 
tion, while the “displacement pressure”’ 
refers only to full saturation and has only 
one value in any particular specimen. 

In the sketches of Fig. 7, dotted lines 
are drawn to indicate the position and 
curvature of the meniscuses before the 
application of the gas driving pressure, and 
figures are attached to these dotted lines 
and to points on a corresponding curve of 
capillary pressure to indicate the progres- 
sive relation between the measurable 
threshold pressure YT (small crosses), 
capillary pressures (dots on the full-line 
curve) and the hypothetical geometry of 
the droplet in a neck of rock as pictured. 
The small pipe leading in to the neck 
represents a connection between the droplet 
and the main body of liquid in the rock 
specimen. The neck in which the droplet 
occurs is effectively the smallest constric- 
tion of the most available continuous path 
from the entering (right side) to the outlet 
sides (beyond the sketch to the left) of the 
rock. The “pipe” will generally be a grain 
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surface coated with a layer of clay, or a 
small-angled corner of the interstice. 

In practice, the threshold pressure is not 
a perfectly reproducible function, probably 
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that the curvature and position of the 
outlet meniscus is not changed. This will 
result in the measurement of a relatively 
low value of the threshold pressure. 


Displacement 
pressure, D. 


High + 
threshold 
pressure, T. 


Low 
threshold 
pressure, T. 


Open gas 
flow, critical 
saturation 


Saturation, Per cent. 
Fic. 7—CHANGES IN THRESHOLD PRESSURE WITH SATURATION. 


The drawings 1, 2, 3, 


4 illustrate a possible origin for the variation of threshold-pressure 


measurements J (as shown by the crosses) with saturation. The situations 1, 2, 3, 4 can occurata 
number of saturations, depending on the amount of trap hysteresis. F, are relative permeabilities 
to gas. The arrows show the direction in which the saturation is being changed. 


because of the variability of the “pipe” 
connection. Only rough progression will be 


-revealed, as in the crosses of Fig. 7. It is 


evident that if the pipe maintains pressure 
equilibrium, the outlet side (left) of the 
meniscus will not be displaced to a position 
of less curvature as shown by the full 
line. Instead, liquid will escape from the 
droplet through the pipe to the main body 
of interconnected capillary liquid as the 
nlet meniscus is driven into the neck, so 


The value of the critical saturation is 
found to vary over a considerable range 
because of trap hysteresis. Thus, as shown 
by the imbibition curve of Fig. 2, the 
capillary pressure will fall toward zero 
if the core is permitted to suck up liquid 
from a point similar to the point 5 of Fig. 7, 
and when the capillary pressure is very 
low, plugging meniscuses may again form 
even at relatively low saturation. The 
conditions 1 and 4 of Fig. 7 may occur 
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under imbibition conditions as low as 60 per 
cent, as shown by the data of Fig. 2. It is 
possible that a Jowest critical saturation 
can be measured, but we have not yet 
been able to obtain sufficient reproducibil- 
ity to be certain. The highest critical 
saturation is definite, however, and can be 
measured upon small rock samples (perme- 
ability plugs of one centimeter radius) by 
the technique indicated in this discussion. 
A vertically mounted Gooch-tubing core 
holder is convenient.!4 Great care is needed 
in testing the critical saturation of homo- 
geneous cores having very flat capillary- 
pressure Curves in order to avoid the piling 
up of liquid at the outlet end. Sometimes 
it is more convenient and just as accurate 
to test the first onset of zero threshold 
pressure—i.e., the critical saturation—by 
an instantaneous test, after allowing the 
core to ‘‘depolarize”’ or attain uniform 
saturation by seasoning with one face 
alternately up and down for short periods. 
It will be important to decide which of 
the several critical saturations that can 
be measured in the laboratory will cor- 
respond to an actual field situation. There 
appears to be no other way than by careful 
field studies directed specifically toward 
the comparison to answer this question, and 
this has not been done. It is our belief 
that the critical (or equilibrium) saturation 
measured and defined by Wyckoff and 
Botset!® corresponds to the greatest—i.e., 
the desaturation or desorption—value in 
the straight depletion case. However, it is 
readily possible that in some operating 
conditions—for example, in the case of 
imbibition of oil into a layer that has 
previously: been stripped of its oil by 
expansion of a gas cap or during the 
geologic accumulation process—the lower 
critical saturations are effective. Much 
profit might result if practical operating 
procedures can be devised to secure in the 
field the advantages of the very low critical 
saturation that can be achieved with 
formation rock in the laboratory. 
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MISINTERPRETATIONS OF PHENOMENA 
OF DISPLACEMENT PRESSURE AND 
‘THRESHOLD PRESSURE 


It is still sometimes believed,!® in spite 
of all the laboratory experimental evidence 
brought forward against it,’:1415 that rocks 
containing gas and liquid are impermeable 
in the sense that large pressures, propor- 
tional to the length of the rock, are neces- 
sary to cause movement of the fluids. The - 
present data on capillary hysteresis and 
this discussion of threshold pressures may 
tend to continue this error by showing 
that rocks can be impermeable (i.e., have 
critical saturations) at saturations even as 
low as 50 per cent. It should be observed 
carefully, however, that gas flows easily 
through rocks (probably in the form of 
separate bubbles) at saturations above the 
critical whenever the threshold pressure is 
exceeded, and that no threshold pressure 
greater than the displacement pressure can 
be observed in rock, however long the 
specimen or however great the assumed 
drainage radius. It has been erroneously 
believed possible to sum threshold pres- 
sures over each increment of length of rock 
because of a false resemblance between 
the known properties of necked circular 
cylinder glass capillaries, whose threshold 
pressures are additive, and the properties 
of rock, whose threshold pressures are not 
additive. This absence of high Jamin 
pressures has been proved for particular 
cases by several laboratory experiments 
in which the pressure distribution along 
flow tubes is measured during flow. 
Figs. 1 and 2 show why—namely, that 
liquid channels in any irregularity or 
departure from true roundness of a passage 
will permit the equalization of pressure by 
liquid flow past the bubbles. The threshold- 
pressure discontinuity, an essentially static 
phenomenon, occurs only in the gas (or 
nonwetting) phase; the wetting phase has 
not been shown to experience a static 
pressure discontinuity in a natural rock, 
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It is unlikely that a rock showing such 
discontinuity exists. 

A clear view of the situation requires a 
sharp distinction between viscous pressure 
differences, which always occur as gradients 
proportional to the rate of flow of a par- 
ticular fluid and which do rise to high 
values in an oil field, and the capillary 
pressure differences, which always occur 
as sharp discontinuities in pressure across 
phase boundaries; which are not associated 
with viscous flow, and which never exceed 
the pressure caused by the most highly 
curved phase boundary in the rock. The 
capillary pressure is everywhere the same 
in a rock in equilibrium, although trapped 
bubbles, which do not have any effect on 
pressure distribution other than to act as 
plugs to viscous flow of liquids, may 
individually have many curvatures (for a 
few days). Threshold pressure, being a 
pressure difference between two points in 
the same nonwetting phase, involves the 
difference in curvature between fwo phase 
boundaries (opposed meniscuses) and only 
two wherever, as with real materials, a 
droplet or bubble of one fluid cannot stop 
by complete plugging the tendency of a 
second fluid to relieve pressure differences 
caused by the plug. 


DISCONTINUITY OF OUTLET BOUNDARY 
PRESSURE 


Leverett® has discussed the equations 
governing the flow of a liquid and a gas 
through a porous medium when capillary 
pressure is taken into account and has 
shown the solution for the case of one- 
dimensional steady flow may be reduced to 
quadratures. When more than one porous 
medium is involved these equations of 
motion must be supplemented by boundary 
conditions that should obtain at the 
boundaries between the different media. It 
is easy to see what these boundary condi- 
tions must ordinarily be when steady flow 
conditions prevail: the rate of flow of each 
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fluid must be the same on both sides of the 
boundary, and ordinarily the pressure in 
each fluid must be the same on each side 
of the boundary, since mobile intercon- 
nected masses of each fluid will be in direct 
communication with each other across the 
boundary. The capillary pressure must 
therefore be the same on bothvsides of the 
boundary, and hence the suturation must 
change discontinuously as the boundary is 
crossed if the two media have different 
capillary-pressure curves. 

When they are applicable, these two 
boundary conditions (continuity of the 
rates of flow and of the capillary pressure) 
suffice to determine the proper solution. 
However, it is not always possible to apply 
both conditions in a straightforward way. 
One important case in which the two condi- 
tions are not directly compatible occurs at 
the outflow face of a porous medium from 
which both gas and liquid are emerging 
into free space. The free space may be 
regarded as a porous medium with roo per 
cent porosity, infinite permeability, and 
zero capillary pressure. An attempt to 
apply directly the boundary conditions 
fails, for the continuity of the capillary 
pressure requires that the capillary pressure 
inside the porous medium be zero, and 
zero capillary pressure occurs, if at all, only 
at saturations above the critical at which 
a steady flow of gas cannot be maintained. 
A satisfactory formal solution to the equa- 
tions of motion can be found for this case, 
however, and the chief characteristics of 
this solution can be discovered without 
actually making the calculation. The liquid 
saturation at the outflow face must not be 
less than the critical saturation; for if it 
were, the usual boundary conditions would 
apply, and we have just seen that they do 
not. But the saturation cannot be greater 
than the critical saturation at any finite 
distance from the boundary; for if it were, 
the steady flow of gas could not be main- 
tained in this region of high saturation. 
The saturation therefore must rise as the 
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gas nears the outflow face and must ap- 
proach the critical value there. Since the 
liquid permeability at these saturations is 
finite, so also is the liquid-pressure gradient, 


This pressure 
held constant 


200 mesh 
screen opening 
Capillary 
diaphragm 


Flowmeter 
(air) 


Fic. 8.—APPARATUS FOR TESTING EFFECT OF 
AN ARTIFICIAL CAPILLARY OUTLET BOUNDARY 
ON GAS-OIL RATIO. 

Air is driven through a pack of roo to 200- 
mesh Antioch sand, and the bottom of an 
Alundum extraction thimble serves as the 
artificial boundary. 


and the liquid pressure is continuous across 
the face. The gas pressure gradient, how- 
ever, must increase without limit as the 
outflow face is approached, in order to 
maintain gas flow with vanishing gas 
permeability. The gradient of the capillary 
pressure therefore must also become infinite 
at the boundary, and this infinite capillary- 
pressure gradient requires in turn an infinite 
saturation gradient to support it. The most 
interesting feature of this solution is the 
discontinuity in the gas pressure that occurs 
across the outflow face. Just inside the 
porous medium the saturation has the 
critical value and the gas pressure is larger 
than the liquid pressure by an amount 
equal to the capillary pressure at critical 
saturation. Outside the porous medium the 
capillary pressure is zero and the gas pres- 
sure is equal to the liquid pressure. Since 
the liquid pressure is continuous across the 
boundary, the gas pressure must fall 


discontinuously as it leaves the porous 
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medium, by an amount equal to the capzl- 
lary pressure at critical saturation. 

Of course, the solution discussed above 
is only a formal solution to rather idealized 
equations of motion, and the conditions 
indicated by the solution transcend those 
under which the concepts employed are 
valid. To define saturation, for example, it 
is necessary to consider the average fluid 
content over a region which, while it may 
still be small on the macroscopic scale, 
nevertheless must be large compared with 
the diameter of a pore. A saturation 
gradient of the order of the reciprocal of a 
pore diameter is therefore physically 
meaningless. Nevertheless, there is a 
general correspondence between the ideal- 
ized solution and reality. Near the outlet 
boundary, the gas, heretofore in an inter- 
connected web, is forced into separate 
bubbles within the highly saturated bound- 
ary region. The infinite gas-pressure 
gradients given by the theory correspond 
to the physically extreme pressure gradi- 
ents that occur in the explosive breaking 
of the bubbles. 

The gas-pressure discontinuity at the 
outflow face appears to have been observed 
previously without its true nature being 
recognized. During some experiments on 
the flow of gas-liquid mixtures through 
consolidated sand, Botset!? measured the 
gas pressure at various points along a long 
cylinder of Nichols Buff sandstone while a 
mixture of carbon dioxide and water was 
being produced from it by depletion. He 
found that after the liquid saturation was 
reduced sufficiently to permit gas to flow, 
the curve of gas pressure against distance 
from the outflow face, when extrapolated 
in a reasonable way to the outflow face 
itself, did not indicate that the gas pressure 
at the outflow face was zero, but rather 
about 0.08 atmospheres (see Botset’s 
Fig. 8). This he ascribes to a clogging of 
the outlet valve and tubing by gas bubbles. 
It seems, however, much more reasonable 
to suppose that the valve was not appreci- 
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ably stopped up and that the observed 
pressure drop was due instead to the 
‘natural discontinuity revealed by the 
theory mentioned above, for it remained, 
throughout the depletion, independent of 
the gas-water ratio and the rate of flow. 
To find the order of magnitude to be 
expected for the gas pressure discontinuity 
in this case, we note that the permeability 
of Nichols Buff sandstone was 500 milli- 
* darcys. Taking 80 per cent for critical 
saturation and using Eq. 1 to represent 
sandstones of this type, we find for the dis- 
continuity a magnitude of 1.5/+/s500 
= 0.067 atmospheres. The agreement with 
the observed effect is reasonable, in view 
of the departure of individual capillary- 
pressure curves from the average curve of 
Eq. i. 

It is evident that a high critical displace- 
ment pressure, which will be inversely 
proportional to the diameter of the largest 
effective hole in which bubbles are formed 
and broken at the outlet face, will be a 
substantial advantage in the production 
of the wetting phase. Since the outlet 
face of a well is amenable to treatment, it 
is not unreasonable to suppose that any 
process that will increase the displace- 
ment pressure there may sufficiently 
increase the efficiency of production from 
the field to repay the cost of the treatment. 

For example, if the sand contains no 
mobile water and has an oil-wet outlet 
surface whose displacement pressure is as 
great as that of the 12-millidarcy core of 
Fig. 2, and if the main body of the sand 
has a capillary-pressure curve like that 
of the 148-millidarcy core of Fig. 2, one 
could in principle produce a// of the main 
body of a horizontal thin reservoir without 
limit as to distance, down to a saturation 
of 52 per cent without any loss of free 
gas. By keeping back pressure on the well 
so that the pressure difference between the 
gas in the formation and the gas in the well 
is just less than the displacement pressure 
of the 12-millidarcy material, one could 


169 


prevent free gas from bubbling through 
into the well. The oil, however, would not 
suffer any capillary-pressure discontinuity 
at the well surface, for it is the wetting 
phase. Hence the whole 148-millidarcy 
formation would empty itself into the well, 
the driving pressure at every stage being 
equal to the difference between the 148-mil- 
lidarcy ,core’s capillary pressure and the 
12-millidarcy core’s displacement pressure. 
Production would cease at 52 per cent, for 
there the capillary pressure of 148-milli- 
darcy formation is equal to the displace- 
ment pressure of 12-millidarcy material. 
Finally, the process, in equilibrium, would 
have produced 48 per cent of oil, but with 
very little loss of formation pressure. 


EXPERIMENTAL DEMONSTRATION 
OF EFFECT UPON PRODUCTION 
EFFICIENCY OF AN INCREASE 

IN THE OUTLET PRESSURE 
DISCONTINUITY 


The illustrative example above, chosen 
to emphasize the importance of the dis- 
tinction between the capillary resistance 
and the viscous resistance in the boundary 
effect, describes a case in which no gas 
pressure is available to move gas. If the 
pressure difference across the outlet surface 
is somewhat greater than the critical 
displacement pressure, gas will flow, but at 
a rate determined by the pressure that 
remains after subtracting the critical dis- 
placement pressure from the applied (or 
formation) pressure. Thus, as the total 
pressure is increased, one should pass 
smoothly from production at a zero ratio 
of free gas to oil through a range of very 
efficient gas-oil ratios until finally the 
purely viscous control of gas-oil ratio 
obtains at pressures that are several times 
the displacement pressure. 

If these theoretical inferences are valid, 
one should be able to verify these predic- 
tions with a. simple flow experiment 
designed to test the effect upon gas-oil 
ratio of an outlet face of tight porous 
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substance. If the production through such a 
plate of high displacement pressure is 
definitely better than it is when production 
takes place through a simple boundary of 
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Fic. 9.—IMPROVEMENT IN GAS-OIL RATIO 
OBTAINED BY REPLACING OUTLET FACE WITH 
FINE-GRAINED POROUS DIAPHRAGM. 

The circles (data without the diaphragm) 
and crosses (data with diaphragm) were ob- 
tained during one gas-drive operation by alter- 
nating the pinch clamps shown in Fig. 8, waiting 
long enough to establish current rates in each 
case. 


the reservoir material, the theory is 
supported. 

The apparatus used in such a test is 
shown in Fig. 8. It consists of a pack of 
100 to 200-mesh Antioch sand and kerosene 
arranged to produce by air drive either 
through an outlet capillary diaphragm or 
in the usual way through a hole in this 
diaphragm. By alternating the outlet 
surfaces, data were obtained for the gas-oil 
ratio at various saturations and for either 
outlet face. The change was made from 
one outlet to the other as soon as equi- 
librium was verified at each stage. The 
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drop in pressure across the sand pack was 
held constant by increasing the total 
applied pressure when-the diaphragm was 
interposed in order to overcome the addi- 
tional displacement pressure and viscous 
resistance. 

The pack was prepared by dropping 
Antioch sand into a glass tube of 2.5 cm. 
internal diameter containing kerosene. 
Into one end of the tube there was sealed 
(with de Khotinsky cement) an artificial 
capillary diaphragm consisting of the lower 
Ir mm. of a 25 by 7o-mm. Norton alundum 
extraction thimble. Through a hole in the 
bottom of the thimble a 1¢-in. copper tube 
was inserted, which had a 200-mesh 
copper.screen soldered over the end, and 
the tube was allowed to extend into the 
sand about one millimeter beyond the 
inner thimble surface. It was sealed in 
with de Khotinsky cement, and was further 
supported as shown with a brass washer 
to prevent strain. This tube was used to 
measure the pressure at the inside of the 
capillary diaphragm (the thimble) and also 
to collect the production of kerosene when 
not flowing through the diaphragm. A 
second copper tube carried the flow when 
it occurred through the diaphragm. 

The displacement pressure of Antioch 
sand with kerosene is about 2 cm. of 
mercury, while the displacement pressure 
of the capillary diaphragm with kerosene 
is about 5 cm. of mercury. The pressure 
drop through the sand section of the pack 
was held at 4.1 cm. of mercury. Flow was 
nonturbulent in all stages. 

The results are shown in the form of two 
associated curves of gas-oil ratio (Fig. 9), 
one obtained through the diaphragm 
(crosses) the other obtained without a 
diaphragm in the normal way. It may be 
concluded that a substantial improvement 
in gas-oil ratio was obtained by the use of 
the diaphragm, and that the theory is 
thereby supported. It took twice as much 
gas to produce 1 c.c. of kerosene in the 
normal way at 50 per cent saturation as it 
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did through the extraction-thimble dia- 
phragm and three times as much at 35 per 
cent. 


APPLICATIONS TO OIL EXPLOITATION 
ENGINEERING 


From the viewpoint of exploitation 
engineering, the subject of capillarity may 
be examined according to the classification 
of Table 1, a correlation chart of the 
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been made upon rock in a laboratory. The 
third column shows the classical molecular 
constants ordinarily used, to the exclusion 
of the measurements in column 2, in 
discussions of this kind. 

A more complete chart would add the 
subjects of viscosity to the third column 
and of mixture permeability to the second, 
in a separate but parallel position. Only 
in purely static problems, such as that of 


TABLE 1.—More Important Causal Relations of the Problems and Measurements 


OIL-FIELD ASPECTS 
Forces Causing Accumulation 


Vertical Variation of 
Saturation at Discovery 


Vertical Movement of 
Oil and Water during } 
Production 

Influence of Surface 
Tensions on Recovery 


Recoveries at Low 
Gas-oil Ratios 


Boundary Effects at the 
Well Face 


Pressure 


Relative Permeability 


Correction of Laboratory 
Data for End Effects } 


During Cyclical 


Behavior of Fluids 
Operations } 


Determination of 
Microscopic Distribution 
of Fluids in Porous 
Medium, and hence of 
Relative Permeabilities 


various subjects. Part of the purpose of the 
chart is to point out the key position that 
might be occupied by the capillary-pressure 
function if suitable techniques for measure- 
ment were available, and to emphasize the 
academic or indirect position occupied by 
the quantities in the third column. 

The first column (at the left) lists a 
number of problems of direct importance, 
which seem to depend, completely or in 
part, upon the measurements listed in the 
second column. The second column tabu- 
lates capillary measurements that have 


Gross LABORATORY MEASUREMENTS 


Capillary Pressure 


Critical Saturation 


Displacement Pressure and 
Critical Displacement 


Capillary Hysteresis 


FUNDAMENTAL 
MEASUREMENTS 


Surface Tensions 


Adhesion Tensions 
Contact Angles 


yee ak of the 
Porous Medium 


Saturations 


the equilibrium distribution of fluids at 
discovery, can one use the ideas of capil- 
larity alone, but here an attempt is made 
to avoid the aspect of viscous resistance 
in the interest of simplicity. 


ACCUMULATION OF OIL 


The question of what role capillary 
forces play in causing the accumulation of 
oil may be considered first. It is evident 
that any tendency of oil and water to 
exchange their presumably dispersed con- 
nate positions for the oil accumulation as 
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found when a field is discovered can be 
expressed in terms of pressure difference 
that existed between the fluids in the two 
connate positions and a resistance to flow. 
In many of the previous writings on this 
problem, the thinking has taken the form 
of qualitative arguments directly from the 
academic quantities in the third column 
to the question of tendency to accumulate 
in the first. In the present approach, one 
would measure directly the pressure 
difference between oil and water (the 
capillary pressure) in a shale like the source 
shales, and between oil and water in the 
coarse sand of the reservoir, both inas nearly 
the original form as possible. The differ- 
ence measures the tendency of the shales 
to suck water out of the coarse sandstones 
as a capillary driving pressure that can be 
stated in atmospheres. Thus whenever 
the mean oil saturation is greater than 
critical, so that a permeability to oil and 
to water can be measured, a complete 
theory can be applied to estimate the rate 
of oil accumulation and the distribution of 
saturations that will obtain when equi- 
librium is reached. 

In this type of argument no use is 
made of the academic quantities in the 
third column, for if it is possible to place 
a rock specimen in the interesting condi- 
tion, the correct capillary-pressure values 
are obtainable directly. In the present case 
it will be necessary, of course, to do some 
thinking in terms of the quantities of the 
third column in order to be sure that 
the conditions of measurement are correct. 
But to attempt to discuss oil accumulation 
directly in terms of surface tensions and 
contact angles is like trying to discuss the 
baking of biscuits in terms of the molecular 
constants of starch. 

The phenomenon of accumulation is 
believed by the present authors to be 
dominated by the influence of capillary 
pressures, especially in the case of the 
currently interesting stratigraphic traps. 
Typical capillary-pressure differences have 


an oil-moving power equivalent to perhaps 
too ft. of closure. The contrary opinions 
seem to be bolstered principally by an 
experimental result obtained by Illing,’*.”° 
who showed that oil and water do not 
respond to the urging of what he thought 
should be the capillary forces by exchang- 
ing position in tapered glass tubes. He 
concluded that water and oil do not move 
in rock in primary response to capillarity. 
In our experiments with rock, which is 
considerably unlike glass capillaries, we 
have found that rock does suck up oil, 
even when saturated with a wide range of 
contents of water. The strength of this 
suction is shown in atmospheres for a 
particular specimen in Fig. 4. This is a 
real suction; the water-soaked specimen 
will draw up several per cent of oil (with- 
out excessive hysteresis) at nearly every 
point of the ternary diagram of Fig. 4 where 
the suction has been measured; or, con- 
versely, will resist, with the pressure 
stated on Fig. 4, the removal of oil. It 
will do so whenever proper capillary con- 
tact is made, whether with oil in a tube or 
oil from another rock bearing oil under 
more or less capillary suction. While we 
do not yet have much information on 
three-phase interchanges under capillary 
forces in rock, it appears that IIling’s 
experiment definitely does not have the 
meaning that has been attributed to it. 


EQUILIBRIUM VERTICAL DISTRIBUTION 
OF OIL 


It is a plausible hypothesis than an oil 
field that has lain undisturbed for a 
geologic time period is in capillary equi- 
librium. In such a case a free water surface 
will exist at the bottom of the pool, and 
above this position the capillary pressures 
will be determined by the gravitational 
potential, which in turn is controlled by the 
density differences of the fluids. 

Let it be supposed that a core has been 
obtained from a discovery well in such a 
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formation, and that the functional rela- 
tions between the capillary pressure and 
the saturation, as in Figs. 1, 2, 3, and 4, 
have been determined for all core specimens 
obtained from the well at the various 
depths, and under the subsurface condi- 
tions. Then, if a valid saturation measure- 
ment can be obtained on any one core 
specimen (as by choosing one so imperme- 
able as not to be affected by drilling water), 
it is possible to infer the saturation of 
every other specimen in terms of this one 
measurement and the densities of the 
fluids. 

Let it be supposed in addition that all 
layers of rock do not vary laterally. Then 
if a structure map is available one can 
determine the saturation at every point 
in the field, and, in particular, can locate 
the position of edge water for every layer, 
and the position of the gas contact for 
every layer, in terms of one valid saturation 
measurement. 

Actually, it appears that the suppositions 
are much too optimistic. In particular, it 
is known that in at least one field the 
saturation conditions do not conform to 
the capillary pressures; this, of course, had 
to be inferred from measurements made 
upon extracted samples, using artificial 
fluids, and from rough guesses as to forma- 
tion surface tensions and densities. In 
other cases it appears that capillary equi- 
librium can be revealed by present tech- 
niques within particular zones, separated 
by shale breaks from other zones that are 
not in equilibrium with the same free water 
surface. 

It is likely that these ideas will prove 
‘useful in Schlumberger interpretation, 
because a rough correspondence can be 
established between the capillary-pressure 
curve, as measured in the laboratory with 
water and air, and the resistivity curve 
obtained from the hole. The resistivity- 
saturation relation?’ provides the connect- 


ing link. 
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EFFECT OF CAPILLARITY ON MULTILAYER 
FLow 


It has been pointed out earlier in this 
paper that where variations in the capillary 
properties of rock along the direction of 
flow are such that the outlet face (i.e., the 
well) is in relatively tight rock there may 
be obtained an improvement in the gas-oil 
ratio that depends on the enhancement of 
the boundary discontinuity in gas pressure 
and may be of practical importance where 
flow rates are low. Similar important 
effects of capillarity will be obtained! 
when a well is producing from two or more 
layers that are in permeable contact with 
each other but have different permeabilities 
and capillary-pressure curves. While the 
forces involved in the motion of the fluids 
horizontally toward the well may be large 
compared with the capillary forces, the 
motions of the fluids vertically between the 
two layers is governed principally by 
capillarity. Since the area over which these 
forces act is very large, the total flow from 
one stratum to another may be consider- 
able. The capillary action depends on the 
disturbance of capillary equilibrium by 
reason of the unequal depletion of the 
several connected strata of differing perme- 
ability. The capillary forces may either 
aid or oppose gravity, depending on the 
circumstances; and on the relations be- 
tween these forces will depend the answer 
to such questions as whether the well 
should be produced continuously or with 
alternate periods of shutdown, where 
packers should be set for a contemplated 
gas drive, and so forth. 


SUMMARY 


Data are presented giving the relations 
between capillary pressure and saturation 
for representative sandstones and dolo- 
mites, for both two-phase and three-phase 
conditions. Improved definitions of capil- 
lary pressure, threshold pressure and dis- 
placement pressure are presented. The 
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concept of capillary hysteresis is widened 
to include ‘‘trap” as well as previously 
accepted ‘‘optional” hysteresis, and these 
new terms are defined. 

The various occurrences of the displace- 
ment-pressure phenomenon as a maximum 
threshold pressure, as a minimum capillary 
pressure and in the Bartell cell are dis- 
cussed. The theory of capillary flow at the 
outlet boundary is developed to reveal 
the occurrence there of a pressure dis- 
continuity-in the nonwetting phase equal 
in value to the capillary pressure at critical 
saturation. 

An outline of the subject of capillarity 
from the point of view of exploitation 
engineering is presented, with brief men- 
tion of the special problems of oil accumu- 
lation, the equilibrium vertical distribution 
of oil, and multilayer flow. 
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Role of Connate Water in Secondary Recovery of Oil 


By Parke A. Dickry* AND Ropertr B. Bosster,{ Mempers A.I.M.E. 
(New York Meeting, February 1943) 


ABSTRACT 


THE presence of connate water in oil sands is 
of far greater practical significance in secondary 
“oil-recovery operations than it is in primary 
operations. The percentage saturations of oil, 
water, and gas in a depleted field determine 
whether it will be economically possible to re- 
cover oil by secondary methods, and whether 
water-flooding or gas-driving, or either, will be 
successful. 

It is suggested that economic recovery of oil 
by secondary water-flooding can occur only 
when a rich bank of oil is formed by the en- 
‘croaching water. If the sand has a greater 
effective permeability to water than it has to 
oil before flooding, a bank will not be formed, 
and water-flooding will not be successful, 
although gas-driving may be. Published results 
of laboratory work indicate that the effective 
permeability of a sand to oil and water depends 
primarily on the saturation of the sand by these 
phases. They also indicate that a small differ- 
ence in relative saturation produces a large 
difference in effective permeability to the phase 
in question. There thus exists a critical range of 
saturations, wherein a small change in oil and 
water content of the sands will make water- 
flooding possible or impossible. 

In gas-drive operations the water saturation 
is less critical but no less important. The 
presence of connate water in a sand increases 
the proportion of the residual oil that may be 
recovered by gas drive. Sands containing oil 
saturations too low and water saturations too 
high to make water-flooding possible can often 
be subjected to gas drive with economic re- 
covery of oil. 

Published by permission of the State 
Geologist of Pennsylvania and the Brundred 
Oil Corporation. Manuscript received at the 
office of the Institute Dec. 19, 1942. Issued as 


T.P. 1608 in PETROLEUM TECHNOLOGY, July 
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The results of laboratory work on test 
samples that do not contain water cannot be 
applied to normal field operations. More tests 
on cores containing water as well as oil are 
desirable, and the improvement of coring 
technique is necessary. However, suflicient 
data are already available to enable an operator 
to use core data intelligently in estimating the 
chances of a secondary oil-recovery program. 


INTRODUCTION 


In recent years laboratory work has led 
to a much better understanding of the 
principles of oil-reservoir performance. The 
general principles of the expulsion of oil 
from sandstone by gas or water were de- 
veloped by geologists of the Second 
Geological Survey of Pennsylvania in the 
1870’s! but only recently has the mecha- 
nism of gas or water drive been intensively 
investigated. Most published articles have 
applied the facts established in the labora- 
tory to the primary production of oil from 
flush fields. This paper is not based on any 
new observations, but is an attempt to 
apply some of the conclusions obtained in 
the laboratory and described in the liter- 
ature to the recovery of oil from depleted 
pools by secondary methods. 

One of the most important factors that 
determine whether or not a secondary- 
recovery Operation is economically success- 
ful is the ratio of injected fluid to oil 
recovered. This ratio may be expressed as 
the over-all or cumulative gas-oil ratio. if 
gas is the driving medium, or water-oil 
ratio if water is the driving medium. 
Recent theoretical and experimental work 


has shown that the relative amounts of 


1 References are at the end of the paper. 
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gas, oil, or water that are flowing in a sand 
at a given point by reason of a pressure 
difference depend on the saturation of the 
three phases in the sand at that point. It 
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with the oil, and although he believed, 
probably correctly, that much of the water 
may have entered the sand during drilling, 
he was the first to point out that there was 
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PER CENT LIQUID SATURATION 


Fic. 1.—CoMPOSITE CURVE SHOWING VARIATION OF RELATIVE PERMEABILITY WITH LIQUID SATU- 
RATION IN UNCONSOLIDATED SANDS. 
From Wyckoff and Botset.* 


has long been recognized that a sufficient oil 
saturation is a requisite to secondary- 
recovery operations. It has not, however, 
been sufficiently emphasized that the gas 
and water saturations are equally im- 
portant in determining the over-all gas or 
water-oil ratios of the operation. A small 
variation in the gas or water saturation of a 
sand may determine whether water or gas 
can be used most efficiently as the driving 
medium. 


STEADY-STATE FLow oF FLUIDS THROUGH 
SAND 


It has been shown repeatedly that most 
producing oil sands contain appreciable 
quantities of connate water. The ° first 
laboratory determination of the oil content 
of a sample of oil sand known to the authors 
was by Charles R. Fettke? in 1926. He 
found as much as 40 per cent water present 


no reason to assume that an oil sand was 
originally 100 per cent saturated with oil. 
The significance of the presence of water in 
an oil sand was not generally appreciated 
until more than 10 years later. 

Schilthuis* expresses the opinion that in 
most places the reservoir rock is completely 
wet with water and does not contact oil or 
gas directly. Under certain circumstances it 
appears possible that oil may be in contact 
with the solid phase. All normal producing 
sands, however, contain water, oil, and gas, 
and it is generally conceded that the water 
is present in the finer pore spaces, at the 
junction of grains, and probably wets a 
large proportion of the internal surface of 
the reservoir. 

The presence of this water, and its posi- 
tion, has a very important effect on the 
expulsion of oil by either gas or water. It 
would be expected that the mechanism of 
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the removal of oil from a sand of which the 
internal surface was entirely wet with oil 
might differ greatly from the removal of 
oil from a sand of which most of the inter- 
nal surface was wet with water. It is 
seriously questioned whether the results of 
laboratory work on samples 100 per cent 
saturated with oil can be applied to a field 
where the sand contains appreciable 
amounts of connate water. For example, 


~ in the rapid removal of oil from an oil-wet 


nd 


sand by water drive in the laboratory, the 
water would remain in the Jarger pores 
while oil would remain in the smaller ones 
and on the grain surfaces. This condition 
would be exactly the reverse of that be- 
lieved to exist in most producing sands. 
Conclusions on the behavior of such a test 
sample would not apply to field conditions. 

Wyckoff and Botset* showed, in 1936, 
that when a gas and a liquid were flowing 
simultaneously through a sand, the per- 
meability to gas decreased as the liquid 
saturation increased. Similarly, the per- 
meability to the liquid increased as the 
liquid saturation increased. Similar ex- 
periments by others*-*’ have checked the 


-validity of this work. 


A curve showing the change in effective 
permeability with liquid saturation, as 
determined experimentally by Wyckoff and 
Botset, is shown in Fig. 1. These authors 
also showed that in steady-state flow the 
gas-liquid ratio is determined by the ratio 
of the viscosities of the two phases, and the 
ratio of the effective permeabilities of the 
sand to them. This may be expressed: 


Where 
V, = c.c. per sec. gas at mean pressure. 
V; = c.c. per sec. liquid. 
k, = effective permeability to gas. 
k, = effective permeability to liquid. 
My = viscosity of gas. 
pa = viscosity of liquid. 
Therefore, from the curves of F ig. 1, which 
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give the effective permeabilities of the 
sand to the gas and liquid, and a knowledge 
of the viscosities of the fluids, the steady- 
state gas-liquid ratio may be computed 
easily. 

To date only one study of the flow of all 
three phases—gas, oil, and water—has ap- 
peared.’ This study by Leverett and Lewis, 
although exploratory in nature, provides 
some data showing how the fraction of 
each phase in the flowing stream changes 
with the saturation of that phase in the 
sand. 


MECHANISM OF FLUID DiIsPLACEMENT 


Buckley and Leverett® have investigated 
mathematically the displacement of oil by 
water and gas on the basis of the per- 
meability saturation relationships outlined 
in the foregoing paragraphs. They show 
that the fraction of the displacing fluid 
moving at any given point in the sand 
depends on the viscosity of the fluid and 
its relative saturation at that point. 

Take, for example, a point in an oil-rich 
sand that is being invaded by a water flood. 
Imagine that at this point the effect of the 
drive is beginning to be felt, but that the 
water has not yet reached the point. The oil 
saturation is high and the water satura- 
tion is low, so that more oil than water is 
moving under the effect of the drive. The 
moving oil displaces the gas, occupying the 
spaces that the gas occupied. The effect of 
the flow of fluids ahead of the drive will 
thus be to increase the oil saturation 
greatly, increase the water saturation 
slightly, and reduce the gas saturation to 
nearly zero. A rich zone thus accumulates 
ahead of the water front, which generally 
is called a “bank” of oil. 

As the water reaches the given point, it 
displaces much of the oil and occupies the 
spaces formerly occupied by oil. This in- 
creases the water saturation of the sand, 
and therefore increases its permeability to 
water and decreases its permeability to oil. 
The proportion of oil in the flowing stream 
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at the point thus decreases very rapidly, 
and continues to decrease as the water 
saturation of the sand increases. As the 
water continues to flow through the sand it 
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later stage, when the. stream is mostly 
water, was called the “subordinate” stage. 
During the initial stage the oil is expelled 
by a shoving or piston action, and during 
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Fic. 2.—VARIATION OF GAS-OIL AND WATER-OIL RATIOS WITH SATURATION OF GAS, OIL, AND WATER 
IN UNCONSOLIDATED SAND. 
From data of Leverett and Lewis.® 


will remove only very small additional 
quantities of oil. 

The first stage, when the flowing stream 
is principally oil, was called by Buckley 
and Leverett the ‘‘initial”’ stage, and the 


the subordinate stage it is expelled by a 
frictional or shearing action. In the sub- 
ordinate stage, the drive is relatively in- 
effective, as only small amounts of oil will 
flow for large amounts of water. 
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It seems probable that in actual second- 
ary water-flooding operations virtually all 
the recoverable oil is removed during the 
initial stage. After the advancing water 
front reaches the producing well, the 
water-oil ratio is so high that only small 
and totally uneconomic quantities of oil 


are produced. A well will continue to pro- 


duce oil for a long time after the water has 
broken through, but this is because certain 
* strata of low permeability are still produc- 
ing oil although others may be producing 
mostly water. In a normal flooding opera- 
tion in the Bradford field, the water pro- 
duction does not begin to increase until oil 
production has about reached its peak; 
thereafter, total liquid produced usually 
increases, the oil decreasing and the water 
increasing because of the now higher 
permeability of the sand to water. This 
indicates that when the effect of the flood 
has fully reached the producing well 
nearly all the individual strata, even of 
differing permeability, are producing oil 
only. The water front then reaches the 
well successively in the various strata in 
inverse order of their permeability. Prob- 
ably never does any single stratum produce 
commercial oil and water simultaneously. 

These considerations suggest that in per- 
forming water-flooding tests on core 
samples (‘flood pots”), only the oil re- 
covered by small throughputs of water 
should be considered recoverable. Con- 
tinued passage of water through the core 
under high pressure differentials will lead 
to the recovery of additional quantities of 
oil in the laboratory, which would be im- 
possible to recover economically in the 
field. 

A similar sort of action takes place when 
gas is the invading fluid. Initially, if the 
sand is well saturated with oil, a bank of 
liquid is pushed ahead of the gas, because 
the sand is more permeable to oil than it 
is to gas. As the oil is displaced by the gas, 
the permeability to gas increases very 
rapidly, and when the sand contains as 
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much as 20 per cent gas, the gas flow by 
volume is approximately 20 times that 
of the oil.® This fact has given rise to the 
opinion, frequently expressed, that gas 
drives are fundamentally less efficient than 
water drives. 

It should be remembered, however, that 
in most places it is uneconomical to 
attempt’ to recover oil by water drive 
after the initial or “bank” stage of dis- 
placement has passed, because large 
volumes of water must be handled to ob- 
tain relatively small quantities of oil. 
With gas as the displacing fluid, the initial 
stage is short-lived, and effects the re- 
covery of only a small part of the oil even 
in the early life of a field, and it is never 
attained under secondary recovery methods 
in partly depleted pools. However, the 
low cost and ease of handling makes it pos- 
sible to drive from 1000 to 5000 volumes of 
gas through the sand for each volume of 
oil recovered, hence, under certain con- 
ditions, especially those of low oil and 
high water saturations, gas drives may be 
much more efficient economically than 
water drives in the recovery of oil. 


EVALUATION OF WATER-OIL AND GAS-OIL 
RATIOS FROM EXPERIMENTAL DATA 


Leverett and Lewis’ investigated the flow 
of gas-oil-water mixtures through uncon- 
solidated sands. Their observational data 
are tabulated in their paper, and the com- 
position of the flowing stream at various 
saturations is given. From these data the 
gas-oil ratios and water-oil ratios of 
the flowing stream have been calculated. 
The approximate values of the gas-oil ratio 
are shown by the curved lines in Fig. 2a and 
the water-oil ratio in Fig. 2b. These are 
triangular diagrams, the purpose of which 
is to represent saturation conditions 
existing in the sands being investigated. 
In these diagrams a sand saturated 100 
per cent with gas would be plotted at the 
apex, while a sand saturated 100 per cent 
with water would fall in the lower left 
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corner, and 100 per cent oil in the lower 
right corner. A sand saturated 3344 per 
cent with each component would fall 
exactly in the center of the triangle. Every 
possible saturation will thus appear as a 
point in the diagram. 

The gas-oil ratios and water-oil ratios 
calculated from the data cited heretofore 
were inserted in the triangular diagrams 
alongside the point representing the con- 
dition of saturation existing when these 
ratios were observed in the flowing stream. 
The gas-oil ratios and water-oil ratios 
were then contoured by connecting points 
of equal value. Considerable irregularity 
in the values was noted, due in part to the 
use of oils of differing viscosity, and the con- 
tour lines are generalized and approximate. 

Both diagrams show that no oil flowed 
when the oil saturation was below about 
15 per cent. This illustrates the well- 
known fact that the oil saturation cannot 
be reduced below a certain point by any 
mechanical means. In Fig. 2a, as the gas 
saturation increases (i.e., going upward) the 
gas-oil ratio increases geometrically. This 
is in line with other published data show- 
ing the change in gas-oil ratio with satura- 
tion (Krutter’s’? Figs. 3 and 4). With in- 
creasing water saturation for any given oil 
saturation (following a line downward and 
to the left) the gas-oil ratio decreases. With 
a sand having saturation of 70 per cent 
gas and 30 per cent oil (no water) the gas- 
oil ratio is about 10,000, while with a 
saturation of 30 per cent oil, 20 per cent 
gas, and 50 per cent water the gas-oil ratio 
is about 5. At the former saturation gas- 
drive operation would be uneconomical, 
but at the latter would be successful, 
although the oil saturation in each case 
is the same. 

The presence of water not only makes it 
economically possible to recover the oil, 
but it makes possible the ultimate recovery 
of a larger proportion of the oil originally 
in the reservoir. Krutter (Fig. 15 of ref. 7) 
shows that by gas drive the greatest re- 
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covery of oil, expressed in terms of per- 
centage of oil originally in the sand, occurs. 
when the water content of the sand is. 
about 30 per cent. 

The approximate range of saturations 
that may be economically driven with gas 
can be arrived at as follows. If the limiting 
economic gas-oil ratio is about 3000 vol. of 
gas per volume of oil (17,000 cu. ft. per 
bbl.), then, according to the data shown 
in Fig. 2a, sands containing more than 40 
per cent oil with no water, or more than 
20 per cent oil with 40 per cent water, can 
be driven with gas. At high water satura- 
tions the water-oil ratio becomes large. 
Since a water-oil ratio of about 10 vol. of 
water-per volume of oil may be considered 
an economic limit, water saturations of the 
order of 70 per cent form a limit in this 
direction. Combining the 3000 gas-oil ratio 
line with the 10 water-oil line gives the 
limiting range of saturations for gas-drive 
operations as estimated from these data. 

The water-oil ratio in a water flood (Fig. 
2b) is controlled similarly by the relative 
amounts of water and oil in the sand. For 
an oil saturation of 45 per cent and a water 
saturation of 55, the water-oil ratio is 1; 
that is, the flowing stream will consist of 
equal parts of oil and water. If the oil and 
water saturations are such that more 
water than oil will flow, it appears that the 
concentration of oil to form a bank ahead 
of the flood cannot occur. The “‘initial”’ 
stage of displacement will be absent. 


CriTIcAL Om AND WATER SATURATIONS 


The foregoing reasoning, based on the 
published experimental data referred to 
above, indicates that some depleted oil 
sands may be economically flooded by 
water drive, and that other sands may not 
be flooded by water drive but may be 
worked effectively by gas drive, depending 
on the oil and water saturations of the 
sands. Furthermore, a very small differ- 
ence in the relative saturation of oil and 
water in a critical range may determine 
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whether the initial stage of water-flooding 
will occur, and therefore whether water 
may be used economically as a flooding 
medium. 

For example, if a sand is more permeable 
to water than to oil before flooding, the 
initial or bank stage cannot occur, and the 
subordinate stage, although it may recover 
appreciable quantities of oil, will be un- 
economical. The existence of a critical oil 
-and water saturation may be inferred from 
the data of Leverett and Lewis, and it 
appears to be in the neighborhood of equal 
quantities of oil and water. Its exact value 
cannot be determined from their work, and 
probably it is different in different sands; 
also, undoubtedly it will vary somewhat 
with several other factors. 

The viscosity of the oil enters directly 
into the equation determining the fraction 
of oil in the flowing stream and is impor- 
tant therefore in determining the critical 
saturations. It appears to be of much less 
importance than the oil-and-water satura- 
tions, which govern the effective per- 
meability geometrically. Thus doubling 
the viscosity of the oil should double the 
water-oil ratio, while a decrease in oil 
saturation of only about 5 per cent would 
also double the water-oil ratio. 

Doubtless the effect of capillary pres- 
sure!® is also important. These pressures 
depend on the relationships of the inter- 
facial tensions of the three fluids and the 
solid phase and are affected by the original 
distribution of the phase wetting the solids. 
The capillary forces unquestionably are 
important in determining the most advan- 
tageous rate of advance of the water. If 
the removal of oil is due to a combination 
of the effects of hydraulic and capillary 
forces, the optimum rate is that at which 
the resultant of the forces brings about 
the greatest recovery of oil. The question 
of whether oil or water predominantly wets 
the sand at the start of the flood cannot be 
neglected, certainly. For any given satura- 
tion of oil and water, it appears likely that 
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the effective permeability to oil may be dif- 
ferent if the sand is oil wet or water wet. It 
is even possible that at low pressure dif- 
ferentials the permeability of the wetting 
phase is increased while at high pressure 
differentials the permeability of the non- 
wetting phase is increased. 

If the water saturation is so low that the 
oil of necessity wets a very large propor- 
tion of the solid surfaces, the residual oil 
left after the water flood may be com- 
paratively high. Hence, too low a water 
saturation, especially if accompanied by a 
high gas saturation, may make water- 
flooding impracticable, as well as too high 
a water saturation. 

The porosity, dry permeability, and 
pore-size distribution undoubtedly affect 
the relative permeabilities of a sand to oil 
or water. Their effect is closely associated 
with the capillary phenomena mentioned 
above. The results of tests on an uncon- 
solidated sand cannot be applied quan- 
titatively to a highly consolidated sand 
like those of Pennsylvania. 

There seems to be no reason why all 
these conditions, which determine the 
critical relative permeability of a sand to 
oil and water, cannot be investigated in the 
laboratory, and routine tests developed to 
determine the possibility of recovering oil 
by water-flooding. It seems probable that 
the effects of viscosity and capillary 
phenomena are of a much smaller order of. 
magnitude than the effects of actual per- 
centage of pore space occupied by oil and 
water, at least in a normal water-wet sand. 

In secondary oil recovery by gas drive, 
the formation of the initial or bank stage is 
less important than with water drive. Con- 
sequently, it may be that there is no critical 
range of saturation wherein a small varia- 
tion will make the difference between suc- 
cess and failure. If gas is injected into a 
sand that has a gas saturation so high that 
mostly gas will flow, the gas-oil ratios will 
be high and the operation will be un- 
economical. The gas-liquid ratio flowing 
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depends on the relative amounts of gas 
and liquid in the sand, and it makes little 
difference whether the liquid in the sand 
be water or oil, at least for total liquid 
saturations greater than 40 per cent. Thus, 
if the liquid consists of equal quantities 
of water and oil, approximately equal 
quantities of water and oil will be moved 
through the sand. If the sand contained 
the same amount of oil, but no water, it 
would contain only one half as much 
liquid, and the gas-liquid ratio would be 
greatly increased. Thus, for a given amount 
of oil in a sand, the amount of oil re- 
covered by gas drive will be affected by the 
amount of water in the sand. 


APPLICATION TO FIELD OPERATIONS 


Even if the exact values of the critical 
saturations described could be determined 
in the laboratory for any sand, the prob- 
lem of obtaining representative core 
samples from a prospective field of opera- 
tions would remain. Much progress in the 
taking of cores has been made recently by 
the use of oil-base muds and pressure core 
barrels. It has become possible to estimate 
the connate water of a sand with a very 
fair degree of accuracy by means of elec- 
tric logs. Fortunately, the low pressures in 
most fields undergoing secondary recovery 
facilitate the recovery of representative 
cores. In testing a field for secondary- 
recovery operations, it might be well worth 
while to take a core in the sand using 
regular mud and then immediately side- 
track the hole and take another using oil- 
base mud. One core would then give 
reliable oil saturations and the other reli- 
able water saturations. In the Bradford 
field reliable cores are obtained regularly, 
probably because of the low horizontal and 
vertical permeability of the sand, which 
prevents flushing of the sand ahead of the 
bit. In looser sands, the problem is a good 
deal more difficult. 

Although this discussion admittedly is 
speculative, and is based largely on 
laboratory work on unconsolidated sands, 
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which cannot be applied quantitatively to 
field operations, there is some evidence that 
critical water saturations exist and are 
important. 

In the Bradford field of Pennsylvania 
the average oil saturation is 40 per cent, 
and the average water saturation 30 per 
cent. Gas drives in this field have caused a 
much smaller and slower recovery of oil 
than have water drives. The inefficiency of 
gas drives was due in part to the low per- 
meability, which averages 10 millidarcys. 
Water drives have been notably successful 
in this pool. In certain sections of the pool, 
however, the water saturation is higher 
than the average. It has been found that 
if the-water saturation exceeds about 40 
per cent, no “bank” is formed, and oil is 
produced at uneconomically high water-oil 
ratios. In one district, where the water 
saturation was about 60 and the oil 
saturation about 30 per cent, the initial 
water-oil ratio on flooding was about 
twenty to one. 

In the Venango fields of Pennsylvania 
the normal oil saturation ranges between 
25 and 35 per cent, and the water satura- 
tion between 40 and 60 per cent. In spite 
of very numerous attempts, no water-flood 
operation has been successful in these 
sands. In almost every case the water came 
through bringing very small and uneconomi- 
cal quantities of oil. Gas driving, on the 
other hand, has been quite successful. 
Recoveries as high as 100 bbl. per acre- 
foot have been obtained, and 50 bbl. per 
acre-foot is obtained frequently. This 
amounts to a reduction in saturation of 
5 to 8 per cent of the pore volume, which 
is rather remarkable considering the low 
initial oil saturations. 

Districts in the Mid-Continent where 
water-flooding failed because of high water 
saturations in the sand are known, and 
are mentioned by Horner." 

At other places, water-flooding has been 
attempted on the basis of an oil content, 
expressed in barrels per acre-foot, much 
higher than normal for the Bradford field. 


\ 
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When expressed as saturation. in per- 
centage of pore volume, however, the oil 
saturations were lower than at Bradford, 
‘because of the high porosity of the sand, 
and the floods were failures. 
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Fingering and Coning of Water and Gas in Homogeneous Oil Sand 


By M. G. Artuur,* Junior MemBER A.I.M.E. 
(Los Angeles Meeting, October 1943) 


ABSTRACT 


Tuus paper is a theoretical analysis of finger- 
ing of water and coning of water and gas in 
homogeneous sand. Investigation of this 
idealized case illustrates the relative magnitude 
of the factors involved in actual conditions. 
The body of the report presents equations, 
example calculations, and charts that facilitate 
solution of such problems. Derivation of the 
equations introduced in this paper and a dis- 
cussion of previously published equations are 
included in the appendix. 


INTRODUCTION 


Production of water from oil wells as a 
result of the pressure gradients established 
by flow of fluids through oil-producing 
sands is a common occurrence, which in- 
fluences the cost of oil production, the 
degree of depletion and the efficiency of 
expulsion of oil from naturally occurring 
reservoirs. Control of water production and 
encroachment are important both in pri- 
mary and secondary phases of oil-field 
exploitation in order to produce oil and gas 
at lowest cost and in order to achieve the 
greatest ultimate recovery of the oil in the 
reservoir. Although many actual oil reser- 
voirs present a multitude of variables that 
influence fingering and coning of water and 
gas, an inspection of the relationship and 
magnitude of the forces involved in the case 
of a homogeneous sand may indicate satis- 
factory methods of controlling water 
production. Application of equations relat- 
ing the variables may indicate the geometric 
type of drainage that exists in a particular 
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reservoir or in the vicinity of a particular 
well. 

A homogeneous sand body is assumed 
within the portion of the reservoir influ- 
enced by the well. Two geometric types of 
drainage are considered theoretically. The 
first is water fingering into an oil sand that 
is relatively thin compared with the lateral 
extent.of the sand. This sand may represent 
the entire oil-producing reservoir or it may 
represent one interval in an oil reservoir, 
which is separated from other producing 
intervals by competent lithologic barriers to 
flow of fluids. For the condition of complete 
penetration of a well in such a sand body, it 
may be assumed that no flow occurs across 
bedding planes. A mathematical relation is 
developed between the limit of approach of 
a water finger to the well without being 
drawn into the well and the corresponding 
operating pressure drawdown. 

The second condition considered is that 
of water or gas entry into an oil well as the 
result of coning through bedding planes. 
The theory and graphical solution devel- 
oped by Muskat! for the limit of approach 
of a water or gas cone to a well, without its 
entry into the well, related to the cor- 
responding maximum pressure drawdown, 
is reviewed and amplified. Charts are 
presented, which facilitate graphical solu- 
tion of the problem. A method is presented 
for the extension of this type of graphical 
solution to the case where gas and water 
coning occurs simultaneously. 


WATER FINGERING 


Consider the case illustrated by Fig. 1. A 
water cusp is formed in a sand because of 


1 References are on page 197. 
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the pressure gradients in the flowing fluid. 
Assume that a two-dimensional radial flow 
exists. The equation for the rate of flow 


causing flow, and for horizontal flow the 
pressure P may be used for the value of ¢. 
However, for nonhorizontal flow the veloc- 


Fic. 1.—WATER-FINGERING CONDITIONS. 


involves the quantity ¢, which is the 
velocity potential, a measure of the relative 
force at a point. The gradient of velocity 
potential is a measure of the force gradient 


ity potential is used to express the force 
causing flow, because it applies a necessary 
correction to the pressure at various points 
in the system. This correction amounts to 
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the portion of the difference in pressure 
between points that is due to hydrostatic 
gradient, the effect of gravity on the mass of 
fluid between points of different elevation. 
The rate of flow may be expressed by the 
following equation:* 


awkrh db 
= a a [x] 
where 
Pian yene 
In order-for a water finger extending up- 
dip toward a producing well to be stable it is 
necessary that the pressure gradient at the 
top of the water surface equal the differen- 
tial gravitational force between the water 
and the oil. This stable relationship is 
expressed by 


Ag =aP—Ayg(t—-Zr) tl 


Combination of these two equations in 
the manner developed in the appendix 
gives Eqs. 12 and 15. The minimum 
distance that a finger can approach without 
being drawn into the well by an unstable 
condition is given by 


= [22] 


Trin = 


Ayg sin @ In = 


The minimum vertical distance a well 
can be located above the static water table 
without fingering is 


Ve 
— AP t+|n 
a Kin aan [15] 
lw 


The term r, in the foregoing equations 
represents the drainage radius, which is 
the distance from the center of the well at 
which the static or shut-in pressure of the 
well exists during flowing conditions, and 
the difference between this static pressure 
and the flowing pressure at the well con- 
stitutes the drawdown pressure AP. For a 
value of static pressure measured after 


* Nomenclature at end of text. 


sufficient shut-in time has occurred to 
allow equilibrium to be attained, the cor- 
responding value of 7. is the maximum 
radial distance from the well that influence 
extends in affecting pressure and drainage 
of fluid. Although usually this must be 
arbitrarily assumed it should be noted that 
throughout the practical range of the values 
in the relationship, large differences in 7. 
cause relatively small differences in the 
results, because the logarithm of the ratio of 
radii is employed. Where values of the 
other factors are known, the equations 
developed may afford a means of measuring 
an effective value of the drainage radius in 
a uniform sand. 

To illustrate applications of Eqs. 12 and 
15, consider the example defined by the 
following data: 


Differential weight between water and oil 
= Ayg = 0.14 lb. per sq. in. per ft. of depth. 


3 ds. 
Dip of sand = i 7 Sin TOR 


Well radius = 7, = 14 ft. 


For selected values of drainage radius of 
600 and 6000 ft. and for the given condi- 
tions, the relationship between distance of 
the well above the static water table ¢ and 
the drawdown pressure AP is presented in 
Fig. 2. 

The asymptotic nature of the curves 
results from the fact that water cannot be 
drawn toward the well from a location 
beyond the drainage radius of the well. 


WATER AND GaAs CONING 


Consider the coning of gas or water into a 
well that partially penetrates a homoge- 
neous oil sand, as illustrated in Fig. 3. 
Theoretical development of this problem 
has been presented by Muskat,! who has 
shown that the following equation repre- 
sents the relationship of the factors involved 
in a homogeneous sand: 


Ad . Gee _ ghy ( a 
Ad. bo — @  P 1-5) 
- [16] 


M. G. ARTHUR 187 


Becomes Asymptotic 
AP = Well static press.- flow prese., Ibs. /in2 to y= 600'=+¢ 
Avg = Differential weight between water ¢ oil 
= 0.14 Ibs,/in*/ ft. of depth 


ip of sand= 0.1 
= Well radius * Vs tt. 


t = Required height of well above wate 
table for no flow of water into 


+7 (Fi) 
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Fic. 2.—MINIMUM VERTICAL DISTANCE OF AN EXAMPLE WELL ABOVE THE STABLE WATER TABLE 
FOR WATER FINGER NOT TO ENTER WELL. 
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Eq. 16 relates the potential forces set up 
in the fluid flowing in the sand to the dif- 
ferential gravitational forces between the 


(b) Correct the value of ¢’, to the value of 
$y» corresponding to the radius parameter 
of the well by use of Fig. 5. 


Gad - Oil Interface 


Fea Dividing | Plane: 
She 9w,) 


Fic. 3.—WATER-CONING AND GAS-CONING CONDITIONS. 


two fluids involved. An explanation of 
equations expressing the velocity potentials 
is presented in the appendix. Fig. 4 presents 
a cross plot of values given by Muskat! 
for potential below the bottom of the well 
¢, and potential at the well surface ¢’,, for 
a particular value of well radius defined by 
the well-radius parameter pw». Correction 
factors to be applied to ¢’. for values of 
well radius other than that on which Fig. 4 
is based are presented in Fig. 5. 

It is shown in the appendix that the 
velocity potential at the drainage radius 
may be expressed by: 


2 
ge as [20] 


GRAPHICAL SOLUTION OF CONING 


For the case of water or gas coning to a 
well in which the penetration of the well 
extends from one boundary of the oil sand 
to a point some distance from the static 
position of the water or the gas, the solution 
may be obtained by the following procedure: 

1. Determine the values of the potential 


x gt : 
ratio a for various values of zg from the 


charts presented herein and plot Re veg vs. 


(a) $i, is given by Fig. 4 for the ae 
ticular penetration of the problem and for a 
well-radius parameter , of 0.001. 


(c) For selected values of ) determine 
the values of ¢, from Fig. 4. ¢, is given as 
a function of well penetration, R and the 
relative distance beyond the extremity of 
the well é 

(d) Determine ¢, for a reasonable value 


of drainage radius from Fig. 6. 
2. Draw a mcg: to the potential 


A A 
curve of es VS. 7 = from the point (ee va r 


2 
=) 


(a) The value of ; at the point of tan- 
gency represents the maximum height y of 
tabl @ = 5) 
a stable cone. \7 = 1 — 7 
(b) Intersection of the tangent to ‘the 
: z . 
curve with the value i = © Bives the value 


expressed is the following form of Eq. 16: 


nf) a. gAyh 
Ad./47° AP 


3. From the graphically determined 


value of (5 ae) =o Solve for AP, the maxi- . 


mum pressure differential without coning. 


aaa Ec [21] 
:- (2). ee 
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An additional step is required in the 
solution of the problem of water and gas 
coning in a well in which the interval open 
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dure outlined above. The basis for location 
of the horizontal dividing plane in the sand 
is that the potential over the well surface 
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WELL PENETRATION 


to production is located within the sand 
body, above the static water level and 
below the static gas-oil interface. In such a 
case the sand should be divided into two 
parts and each part treated by the proce- 
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Fic. 4.— VELOCITY POTENTIAL DISTRIBUTION AT WELL RADIUS. 


¢, must be the same for both the upper and 
lower portions. The division is located by a 
trial and error choice of values from Fig. 4 
corrected by Fig. 5. Solution is greatly 
facilitated by a plot of the corresponding 
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values of well potential for each portion of 
the sand against the distance of the divid- 
ing plane from an arbitrary datum. 
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Potential at well - d,, 
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© Potential above dividing plane 
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Location of the dividing plane is shown 


by Fig. 7. The values of dw, (well potential 
in top portion) and ¢., (well potential in 
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Distance of Dividing Plane from Gas Oil Interface ~ ft. 


Fic. 7.—SOLUTION OF LOCATION OF DIVIDING PLANE AND VELOCITY POTENTIAL OVER WELL SURFACE 
FOR CASE OF SIMULTANEOUS CONING OF WATER AND GAS. 


EXAMPLE 


Depth of gas-oil interface, ft... 7535 
Depth of oil-water interface, ft. 7695 


Top of perforations, ft........ 7623 
Bottom of perforations, ft..... 7685 
Size of liner = 5 in. Radius... 0.2083 ft. 
Oil gradient in well, Ib. per sq. in. 

DOr Tralee kSce 0.325 
Water gradient in well, lb. per 

Sq 1h pee ita cou. eeetene 0.425 
Gas gradient in well, lb. per sq. 

ID, POErit swat: dale. one 0.085 


bottom portion), which are functions of 
corresponding values of penetration and 
well-radius parameter, are plotted against 
the distance of the dividing plane from the 
gas-oil interface. The intersection of the 
curves indicates that the correct location of 
the division is 125.35 ft. below the gas-oil 
interface and that the potential at the well 
is 12.14. The calculation of one set of points 
follows: 

Take the dividing plane to be 125.3 ft. 
below gas-oil jnterface. 
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Fic. 8.—EXAMPLE OF GRAPHICAL SOLUTION OF EQUILIBRIUM HEIGHT OF WATER CONE AND MAXIMUM 
PRESSURE DRAWDOWN WITHOUT WATER CONING, FOR SELECTED VALUES OF DRAINAGE RADIUS. 
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hs 0.2083 3 Water Coning 
= = = 0.000831 
Put Shi a Cae 3 
: ; br _ 125.3 — 88.0 
Penetration = ass ae 


= 29.75 per cent bw 


hh = 34.05 18.) 024/05 502, oe 
penetration = 71.1 per cent 


ET 2enA) 


POTENTIAL RATIO “0K 


Value of H-Z at point of tangency 
gives maximum equilibrium depth of cone. 
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Fic; 9.—EXAMPLE OF GRAPHICAL SOLUTION OF EQUILIBRIUM DEPTH OF GAS CONE AND MAXIMUM 
PRESSURE DRAWDOWN WITHOUT GAS CONING, FOR SELECTED VALUES OF DRAINAGE RADIUS. 


$'wr = 11.75 for py = 0.001 (from Fig. 4) 


Ch lues of 2 dint 
é = 1.033 (from Fig. 5) osen values o 7 are expresse in terms 


Pur = Ch'wr = 12.14 of bs in order to evaluate ¢, from Fig. 1. 
Tan 0.2083 L 
Ret he 2(160 — 125.3)  2°0039° iS He 
ba _ 34-7 — 10.0 _ Re 
ies Se = Reo DCLCemt h—b 
$' ws = 14.54 for pw = 0.001 (from Fig. 4) a Feat yal Gs 
C = 0.836 (from Fig. s) Values of a = ae ee vs. 7, are 


dvs = Cows = 14.54 X 0.836 = 12.15 determined for various values of drainage 
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radius and are presented in Fig. 8. The 
_maximum allowable pressure drawdown 
without water coning is calculated from 
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radius for the given example. The low 
values of drawdown pressure that would 
result in water coning are caused by the 


Maximum Pressure Drawdown Without Gas Coning, P.S.I. 
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10.— EXAMPLE OF MAXIMUM PRESSURE DRAWDOWN WITHOUT CONING OF WATER AND GAS AS 


FUNCTION OF DRAINAGE RADIUS. 


Eq. 21, in which: 


g Ay = 0.425 — 0.325 = 
o.10 lb. per sq. in. per ft. 


(FE): 20 is calculated from the slope 


of the tangent in Fig. 8 for the particular 
value of. drainage radius. 

Fig. ro presents the variation of maxi- 
mum pressure drawdown with drainage 


drilling of the well to a point only ro ft. 
above the oil-water interface in the sand. 
Failure of these relationships to hold in 
such cases can be traced to the fact that 
fingering-type water entry occurs rather 
than coning, owing to ineffective vertical 
permeability in the sand over appreciable 
vertical distance. 

The maximum drawdown without water 
coming for the example may be compared 
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with the corresponding value, if the per- 
forations extended up to the gas-oil inter- 
face. Although the constants in the evalua- 
tion are entirely different, as may be seen 
in Fig. 8, it would seem logical that the 
values of drawdown without water coning 
would be of the same order of magnitude for 
each case. For a drainage radius of tooo ft., 
the maximum drawdown is 1.2 lb. per sq. in. 
for the case of perforations extending to the 
top of the productive oil sand, and 1.5 for 
the actual conditions of the well chosen as 
an example. 


Gas Coning 


kh = 125.35 it., 0 = 372354t:, - 
penetration = 29.8 per cent 
Oy SS epi 


ae as a function of = as 
determined from Figs. 4 and 5 are pre- 
sented in Fig. 9 for various values of drain- 
age radius. The variation of maximum 
drawdown without gas coning as a function 
of drainage radius for the example is in- 
cluded in Fig. ro. 


Values of 


CONCLUSIONS 


The problem of water fingering from a 
static edge water, updip into a producing 
oil well in a homogeneous sand, can be 
solved by application of Eqs. 12 and 1s. 
Drainage radius often is the least known 
quantity. It can be determined from the 
drawdown pressures and structural posi- 
tions that cause water fingering. Water 
and gas coning in homogeneous sand can be 
determined by graphical solution of Eq. 16, 
which was developed by Muskat,! by the 
use of charts provided in this paper. 

In homogeneous sand, where permeabil- 
ity is uniform in vertical and horizontal 
directions, the distance of the well from the 
static interface of the two fluids is very 
important. Fingering and coning occur with 
decreasingly small drawdowns as the dis- 
tance shortens between the well and the 
fingering or coning fluid. In nonhomo- 


geneous sand, coning is greatly restricted 
by small lenses of relatively low permeabil- 
ity directly below the bottom of the well, 
since these small lenses greatly distort the 
potential gradients in the sand. 
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NOMENCLATURE 


volume rate of flow. 

permeability. 

radius, ft. 

sand thickness, ft. 

viscosity. 

potential (velocity potential). 

pressure, lb. per sq. in. 

pressure drawdown of producing well, 

lb. per sq. in. 

density of oil. 

difference in density between two 

fluids. 

acceleration of gravity. 

distance of point from _ selected 

datum level, ft. 

vertical distance of well from static 

water level, ft. 

angle of dip of sand body, degrees. 

height of cone above the datum 

represented by the static interface of 

the two fluids, ft. 

potential at well surface. 

potential at well surface for py 

= 0.001. 

@: = potential at well radius and at depth 
Z. 

ge = potential at drainage radius. 


hie de dt ten wea 


Hoot 


I il 


6 
& 
I dl 


b penetration of well in sand, ft. ¢ 
: b 
x = penetration parameter = = 
w = depth parameter = ne 
2h 
c Yr 
p =radius parameter = a 
q = flux density = r. 
In = natural logarithm. 
C = correction of $y’ for value of p» other 
than 0.001. 
a= distance from end of perforated 
interval of well to point z, ft. 
L = distance from end of perforated inter- 


val of well to Static interface of the 
two fluids, ft. 

gAy = difference in hydrostatic gradient at 
reservoir_conditions between the two 
fluids involved, lb. per sq. in.-per ft. 


Shi C4 
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T'(m) = gamma function defined by 


2 [ = 
Boa — if xe-l ez dx = i (1m + 
0 0 x 


Tables of the gamma function are 
given in Dwight. 
f(s, y) = qe function of Riemann}? defined 
bs 


= I 
t(s, 9) = Loto 


Subscripts 


at well surface. 

at point in sand. 

= at drainage radius. 

T = above horizontal dividing plane in 
sand. 

B = below horizontal dividing plane in 

sand. 


ane 
Il Ml 
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APPENDIX 


Consider the development of the equa- 
tions for water fingering. The conditions 
are illustrated by Fig. 1 and are described 
in the body of the report. The rate of flow 
may be expressed by the following equation: 


arkrh'dd 
G= Gear [1] 
where 
d = P — yoge 


The significance of the velocity potential 
¢ has been discussed. The flow is expressed 
in terms of velocity potential rather than 
directly in terms of pressure because the 
direction of flow is not horizontal and the 
gravitational gradient must be considered. 
Separating variables in Eq. 1, and in- 
tegrating between the limits of well radius 
and any greater radius gives: 


eet ete eee [2] 


From consideration of horizontal radial 
flow, the following relationship exists: 


KO ; 
ST agkh = re [3] 

Although the flow is not horizontal, it is 
two-dimensional if the well completely 
penetrates the sand, since the fluid motion 
is identically the same in parallel planes. 
Furthermore, the static and flowing pres- 
sures whose difference constitutes AP, 
the pressure drawdown, are both measured 
at the same point; namely, the bore of the 
well. Consequently the factor of gravita- 
tional gradient between a point at the well 
bore and a point at radius 7 has been 
eliminated. For these reasons P as well 
as @ will satisfy the La Place differential 
equation of potential theory. 

In order for the water finger to be stable, 
it is necessary that the pressure gradient 
at the top of the water surface equal the 
differential gravitational force between 
the water and the oil. 


= ge — Avg (:-r) 


Ag = AP — avg (1 - 41) 
Ag = AP — Aysy [4] 


The quantity y represents the vertical 
height of the water finger above the static 
water level. Substitution of relationships 
expressed by Eqs. 2 and 3 gives 


PO Prat se Jee va 
sare Int AP — Aygy [s] 


The quantity ain which is constant 


for any given a8 of conditions, may be 
evaluated at r equal to the drainage radius, 
the distance from the well at which the 
static or shut-in pressure of the well exists 
during flowing conditions, by the following 
form of Eq. 3: 


vQ _ AP 
awkh  . Te [6] 
In ea 
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Therefore Eq. 5 may be rewritten: 


Se aN eyes [7] 


Ye w 
| — 
Tw 


The equation of the surface of the water 
cusp is expressed by: 


In—= 
AP Tw 

y=t—rsin? =7—|1-— [8] 
Avg In 7 


The limit of approach of the water finger 
to the well without exceeding the condi- 
tion of stability can be determined. Fingers 
of water approaching closer than this limit 
will be drawn into the well. The potential 
gradient set up from fluid flow may be 
represented by 


dé _uQ [9] 
dr —- 2arkhr 9 


Substitution of the relationship expressed 
by Eq. 6 gives 


APO 


rev 
In= 
Tw 


d 
= [x0 


and the potential gradient set up by the 
differential gravitational forces between 
the oil and water is given by 


dd dz 
os eA oe = Ayg sin 6 [rr] 


Simultaneous solution of the two pre- 
ceding equations for r gives the minimum 
distance a finger can approach without 
being drawn into the well by, an unstable 
condition: 

‘nin = — [12] 
Ayg sin @In— 
Tw 


From geometric considerations, 


y=t—rsin#@ [13] 


By substitution of Eq. 12 for rmin, 


me [14] 


Vmax = esate = 


Te 
Ayg In 7 


Equating this to the general equation for 
y (Eq. 8), and solving for ¢ gives 


EN (essere 
Avg In 
lw 


[15] 


bin = 


The example cited in the body of the 
report illustrates application of water 
fingering in a homogeneous sand that has 
the geometric conditions shown by Fig. r. 

In coning of water or gas into a well that 
partially penetrates a homogeneous oil 
sand as illustrated by Fig. 3, the relation of 
the potential forces set up from the fluid 


flowing in the sand to the differential. 


gravitational forces between the fluids 
involved is shown by Muskat! to be 


Age 7 Sr p(x 3) 
[16] 


Equations expressing the velocity poten- 
tials deserve some explanation. Muskat 
has derived the following expression for the 
value of the potential over a sand in which 
there is a partially penetrating producing 
well. The expression is valid for small 
values of the radius parameter, 


= #y Ta +w+a)l(1 —w+x) 
¢=01= lng ere eee 
Slee eee + (w + x)7]4 
x + [p? + (w — x)2]}4 
— [et (2, 1 — w— 2) —$(2,1 —w +a) 
+£(2,1+w—x)—f(2,1+w+2)] 


+ o(p)} [x7] 


The last term drops out because the 
coefhicient is zero. The term involving p? 
is negligible for the range of values encoun- 
tered. Eq. 17 is derived for a well of in- 


DISCUSSION 


finitely small radius. However, it does not 
conform to the requirements that the 
potential is uniform over the well surface. 
In order to satisfy this condition for a 
well of finite radius, the flux density g 
is not taken to be uniform over the well 
surface. It is adjusted to values over finite 
increments of length of the well that will 
enable a uniform potential to be obtained 
over the surface of the well. Fig. 80 of 
Muskat! shows the adjusted and unad- 
justed values given by Eq. 17. Fig. 4 of 
this paper is a cross plot of the adjusted 
values presented graphically by Muskat. 
Muskat indicates that the actual well 
potential may be taken to be proportional 
to the value obtained from Eq. 17, using 
a uniform flux density g and setting 
w= 34x. 

Fig. 4 is based on a particular well-radius 
parameter py = 0.001, OF fy = 0.002h. 
In order to correct the values given by 
Fig. 4 for potential at the well-bore radius 
to values of well-bore radius other than 
Pw = 0.001, Eq. 17 was evaluated for 
different values of the variables and with 
w = 34x. It was assumed that the variation 
of the adjusted well potential with well 
radius is proportional to the variation of 
the unadjusted values of potential. The 
variation of ¢, with p, was found to be 
negligible except for points very close to 
the well. Well-bore correction factors to 
be applied to the value of well potential 
gw’ from Fig. 4 are presented in Fig. 5. 
Variation of ¢, is also included in Fig. 5 
for the extreme case of 90 per cent well 
penetration and at a point ro per cent into 
the oil sand beyond the extremity of the 
well. 

For large values of the radius parameter, 
the value of the potential in the sand is 
given by Muskat to be 

n=0 
I I 
od = 49 le wy 7” Ko(2nmp) cos (2nw) 


sin (2u7w) + x In “| [18] 


wt )) 


Ko is the Hankel function or Bessel 
function of zero order and modified second 
kind (sometimes called the third kind). 
A detailed discussion of Bessel functions 
is given by Whittaker and Watson.? For 
large values of the argument _X, the follow- 
ing asymptotic expansion is given for 
Ko by Dwight: 

Te ee 


. . (Zc -x[ & 
(X)~ (oy) &* Lt Text nex 


TN ae OE 
oe 18x)? se | [19] 


Since the value of the argument X = 2ump 
is large, the value of the function Ko is 
neglibibly small for practical values of 
drainage radius. For p equal to or greater 
than one, Eq. 18 may be written 


p = 4qx n= [20] 


Eq. 20 is the basis for the values of ¢. 
presented in Fig. 6. 
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N. vAN WincEn,* Los Angeles, Calif—This 
paper presents an interesting application of 
mathematical concepts developed by M. 
Muskat. Because of the complexity of the 
problem, the mathematics are of necessity 
involved and although treatment is facilitated 
by means of Mr. Arthur’s charts, a considerable 
knowledge of advanced mathematics continues 
to be necessary in order to follow through 
adequately the various steps of the analysis. 
As such, the paper presents a formidable 
obstacle to the average engineer. - 

In regard to the practica] value of the results 
to be obtained by this method, it is apparent 
that the simplifying assumptions, which, of 
necessity, have to be made as yet for the 
analytical treatment of a problem of this 
nature, may in certain areas severely limit the 
quantitative usefulness of the data. For 
example, it seems doubtful whether any pro- 
ductive zone in California could meet the 
required prerequisite of homogeneity and yet 
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be sufficiently massive to permit the selective 
perforation of but a portion of the productive 
sand to yield a commercially productive well. 
Likewise, inability to discern small lenses of 
low-permeability sand directly below the bot- 
tom of the well in an otherwise homogeneous 
sand body would result, as the author points 
out, in the well being perforated unnecessarily 
high. This will not only cause a loss in well 
potential but may well result also in the obtain- 
ment of a lesser ultimate recovery due to 
by-passing of the encroaching water. One other 
point suggests itself, and that is that the per- 
missible well drawdown to prevent fingering 
and coning will decrease continuously as water 
encroaches with the depletion of the oil reserve, 
or in the event of an expanding gas cap. This 
again may mean that well rates may soon 
become uneconomic. 

These comments are not offered to distract 
in any manner from the value of this excellent 
paper, but merely to emphasize again that 
extreme caution has to be exercised in applying 
analytical methods to actual oil-field problems. 
It is to be hoped that work of this nature will 
continue to be pursued intensively, so that 
ultimately we may perhaps learn to evaluate 
specifically the effects of the various complicat- 
ing factors that now have to be ruled out from 
the consideration as being too complex to lend 
themselves to mathematical treatment. 


W. T. Lretz,* Los Angeles, Calif—I con- 
sider Mr. Arthur’s paper a valuable contribu- 
tion to the theoretical background of water and 
gas coning. In the application of the results of 
this theoretical analysis, the following points 
may need some further investigation. It 
appears from the mathematical development 
that the maximum height to which a water 
cone can be drawn up without entering the 
well is independent of the permeability of the 
rock, viscosities of the fluids and relative per- 
meabilities of the rock after replacement of one 
fluid by another. 

The only factors appearing in the formulas 
are slope of formation, distance of well from 
edge water and difference in density of fluids. 

This result would seem logical, since the 
author considers the time that the cone has 
reached its maximum height and is therefore 
stationary. However, when one considers the 
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period in which the cone is formed, the situa- 
tion is somewhat different. 

The rate of advancement of the cone is a 
function of the relationship between the vis- 
cosities of the fluids and relative permeability. 
During the time the cone is formed, oil is 
produced from the well, causing a general rise 
of the water table, and conditions may prevent 
stable conditions from ever being reached. It 
would be interesting to make some investiga- 
tions for different known viscosities and relative 
permeabilities of the effect of the delay in the 
formation of the water cone. 

In a water drive, the oil is produced as a 
result of the replacement of oil by water. For a 
maximum recovery of oil, it is essential that 
the washing action in the area, invaded by the 
water, is as complete as possible, and that the 
volume of the reservoir, invaded by the water, 
is a maximum at the time the well reaches its 
economic limit. The mathematical develop- 
ment in the paper deals only with static condi- 
tions, and it would be interesting to see an 
analysis of the effect of the rate of production 
on the efficiency of replacement and the size 
and shape of the reservoir invaded by water at 
the time the well is abandoned. 

These investigations would seem necessary 
for an interpretation of the mathematical 
developments of the paper. The numerical 
example shows that for a development with 
600 ft. radius (+30 acres per well) the allow- 
able drawdown is very small, "so that, unless 
permeabilities are extremely high, the rate of 
production would be so small that in some 
cases the well would reach its economic limit 
before the cone has been formed, owing to the 
decline in productivity index observed in many 
reservoirs. 

These considerations apply also to the case 
of water and gas coning discussed in the second 
part of the paper. 


M. G. Arrsur (author’s reply).—Since it 
was realized that the mathematics involved in 
a development of the problem are a formidable 
obstacle to many engineers, the paper pre- 
sented attempted to indicate the relative effect 
of the various variables to those who would 
accept the validity of the mathematical 
development. 

Some California oil fields having high perme- 
ability and low standard deviations of perme- 


“ 
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ability! are sufficiently homogeneous for coning 
to occur. However, most California fields have 
relatively low effective permeability at right 
angles to the bedding planes and the fingering 
type of water encroachment is commoner than 
coning. 

In fields where there is evidence that coning 
may occur, intervals of low permeability such 
as shale lenses may be located by electric logs 
or by cores, and if such a break is at a con- 
venient point the well may be plugged to this 
point before the liner is run, or cemented blank 
liner may be perforated above this point. If 
vertical permeability is such that coning can 
occur, little oil will be lost ultimately because 
the level of the bottom water probably will 
rise, flushing oil out of the sand below the 
shale lens at which the well was bottomed. 
If the water table fails to rise, the interval 
below the shale lens may be perforated as a 
salvage operation late in the life of the field, 
at which time drawdowns will be low and 
adequate dehydration facilities probably will 
have been constructed to handle the production. 

Where water encroaches the oil reservoir 
with depletion, it is unavoidable that produc- 
tion rates without coning will eventually be- 
come uneconomic. The solution would be to 
accept the production of water with the oil or 
to prevent it by plugging back the wells. It is 
hoped that consideration of the relationships 
presented in the paper will aid in determining 
the extent of these operations. 

4J. Law: A Statistical Approach to Inter- 


stitial Heterogeneity of Sand Reservoirs. This 
volume, page 202. 


In primary and secondary water drive the 
objective is not to prevent water encroachment 
but to prevent undue fingering of the ad- 
vancing water front. For edge water advancing 
at a relatively constant rate in a homogeneous 
sand, the relationships presented in the paper 
will determine the lead that a finger or cone 
can have on the advancing front. If the general 
encroachment is so rapid that stable conditions 
cannot be attained, fingering and coning will 
be of less magnitude than shown by the paper. 

The effect of rate of production on efficiency 
of replacement or washing action is a dynamic 
problem of a nature different from coning and 
fingering. It must be attacked from an entirely 
different approach, which would involve many 
more variables than those considered in this 
paper. 

The solution of the problem of preventing 
unreasonably low drawdowns without water 
coning is to stay some distance away from the 
static edge-water position. The allowable pres- 
sure drawdowns increase exponentially with 
increasing distance of the well from static 
edge-water position. In the numerical example 
of water coning presented, uneconomical rates 
of production would be required in order to 
prevent water coning. The alternatives would 
be to accept production of water with the oil 
or to plug back the well to a greater distance 
from the bottom water. 

In regard to well density, the spacing is not 
a good measure of the drainage radius. Drain- 
age radius very often is greater than the dis- 
tance between wells. 


A Statistical Approach to the Interstitial Heterogeneity of 
Sand Reservoirs 


By Jan Law,* Juntor MEMBER A.I.M.E. 
(Los Angeles Meeting, October 1943) 


PROBLEMS of oil recovery are attacked 
from the approaches dictated by the two 
strikingly dissimilar complexes that com- 
prise an oil reservoir—the fluid complex 
and the interstitial complex. Knowledge 
of the fluid complex, due to labors in the 
fields of fluid mechanics and physical chem- 
istry, has far outdistanced knowledge of 
the interstitial characteristics of the sand 
complex. This paper is concerned with the 
latter and applies the technique of statis- 
tics to petrographic facts—namely, poros- 
ity and permeability—dealing with what 
might be called petrometry. 

Statisticians have long worked within 
the problem of reconstruction of a universe 
of variables by means of samples that com- 
prise a small percentage of the universe 
from which the samples were drawn. Core- 
analysis data comply with the requisite of 
random sampling as stipulated by theo- 
retical statistics. A basic concept of statis- 
tics employs the following substitution: 

1. The results of sampling are arranged 
as a frequency distribution. 

2. The observed frequency distribution 
is compared with a mathematically precise 
distribution. 

3. If a sufficiently good agreement is 
found between the two, the precise dis- 
tribution is substituted in all subsequent 
operations involving characteristics of the 
sampled material. 

This mathematically precise distribution 
is also known as the normal curve, curve of 
error, the probability, the Gaussian, and 

Manuscript received at the office of the 
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the bell-shaped curve and is describable 
with but two figures. Further, these two 
figures, the arithmetic average and the 
standard deviation, are subject to mathe- 
matical manipulation. 

This paper demonstrates that, in some 
cases in the Dominguez field of Southern 
California, if sufficient core-analysis samples 
are taken over not too great a thickness of 
sediments, the resultant permeability and 
porosity assemblages give satisfactory 
agreement with normal curves. 

It is shown that the indications are 
strong that oil wells wherein a satisfactory 
agreement is found are predictable as to 
productivity. Since the predictions are 
made by employing the laws of chance that 
are operative within sedimentation, it 
follows that the mechanism by which the 
predictions were made is a basic concept of 
reservoir mechanics. Therefore, tentative 
examples are given of the application of 
normal curves to the solution of problems of 
primary and secondary recovery. 


NATURE OF PERMEABILITY FREQUENCY 
DISTRIBUTIONS 


Core-analysis data are made available 
as a tabulated depth vs. permeability pro- 
file. The nature of the distribution of 
permeability values within a given strati- 
graphic interval may be approximated from 
an array constructed with samples plotted 
in the order of their appearance with depth 
(accession number) against their permea- 
bility value in millidarcys. 

A wide variation in the nature of the 
distribution of K (permeability) values for 
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a shallow, a middle depth, and a deep inter- 
val is shown in Fig. 1. 

The qualitative measure of distribution 
available by inspection from these figures is 
available quantitatively from a tabulation 
of K by class intervals (Table r). 


TaBLeE 1.—Example of Arithmetic Frequency 
Distribution in Shallow Zone 


Class Limits, Millidarcys 


900-— 
900 | 1100 


292 | 370 | 523 | 799 | 975 
IOI | 320 | 585 | 707 | 937 


IOGALS: cmimietel ke 2 59 


I2 I5 8 
Percentages. ../20.34/37.29|25.42|13.56|] 3.39| 100 


Comparable tabulations and percentages 
were obtained for the three intervals and 
plotted as frequency distributions in Fig. 2. 

The frequency distributions as shown in 
Fig. 2 are asymmetrical about the central 
class or, in statistical language, skewed 
to the right. Mathematical manipulation 
of badly skewed curves is unsatisfactory. 
Also, it was found necessary to vary the 
class interval from zone to zone in order to 
obtain curves that reveal the distribution. 
This variation of class interval renders 
direct mathematical comparison zone to 
zone impossible. 

An array constructed on the basis of 
accession number vs. the logarithims of K 
gives a symmetrical distribution of values 
about a central trend of greatest density 
of points, as shown in Fig. 3. 
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A frequency distribution that would be 
symmetrical can be derived from this array 
by laying off equally spaced intervals across 
the K scale, such as 14 in. or 1 in., and 
counting the number of times that K values 
fall within the individual limits laid down. 

Such a procedure would be difficult to 
standardize. The author proposes a mathe- 
matical expression to standardize this oper- 
ation, which was suggested by Krumbein.! 
The expression relates the logarithm of K 
to the size of the class interval. 

Tests were made to determine the appli- 
cability of class intervals that result from 
the expressions: 


Vi5= 
@= Log -F 

VaR 
= Log’ ’x 


Phi in these cases is merely a scale value. 
The log Jz Was found to give the most 


symmetrical curves and was then used to 
accumulate K values in new class intervals 
as shown in Table 2. 

The percentages derived from Table 2 
were calculated for the three intervals and 
Figs. A, B and C of Fig. 4 were constructed 
by tying the percentage values together 
with straight dashed lines. 

Since there are chance variations attrib- 
utable to sampling, it is desired to deter- 
mine the approximation of this sampled dis- 
tribution to a pure probability distribution. 

The values that describe the sampled dis- 
tribution were calculated and are shown in 
Table 3. The ordinates of the normal curve 
that has the same values of Xy and gy as the 
observed curve as calculated are shown in 
Table. 4. ™, and ag being small are con- 
sidered to represent the amount of varia- 
tion due to sampling—not characteristics 
of the distribution of the material from 
which the samples were taken. 


1 References are at the end of the paper, 
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The solid-line curves of Fig. 4 were ob- The answer to this test is given in terms 
tained by joining with a smooth line the — of probability P. For this example, if the 
ordinate heights calculated in Table 4. material being sampled had a normal dis- 


TABLE 2.—Example of Logarithmic Frequency Distribution in Shallow Zone 
Class Limits 


BRM GCAIG siete neste we ak wie eee 2— re 
Millidarcy scale. i....2<.4..<0%.- d f eae Soe-aaee 
8 975 
937 
15) NS iy Sage eg ie os, ee 2 2 59 
INGECRIURA ROS Jars is oc sav usd oon 3-39 100.00 


Accumulated percentages........ 


A test was then made to determine the _ tribution, 40 times out of 100 as poor a fit 
chances that the distribution of the mate- or worse than that obtained would have 


rial being sampled is normal. occurred, because of the chance variations 
Areas under the normal curve were com- attributable to sampling. 
puted and compared with areas under the Hence hereafter a substitution of the nor- 


TABLE 3.—Example of Calculation of Distribution Characteristics by Moment Method, 


Shallow Zone 
PER CENT 


Algebraic totals. . 
Vi = +0.49 m= Oo Kg = 10.5 + 0.49 =, 10.99 
Ve = +1.81 m= 1.57 og = (1.57)% = 1.25 
Vs = +2.12 m3 = —0.422 ep = = —0.422 
Vs = +7.51 we = +5.79 a = +1.77 
V1, V2... Vatom, 72... xsis translation of axis. 


X, is the arithmetic mean in phi, or the abscissa value of the center of gravity of the curve. 
ois the standard deviation in phi, or the radius of gyration of the distribution about a vertical axis through 


the center of gravity. 
ek are, respectively, in phi, the absolute skewness and the relative kurtosis and are derived from the 


Coes third and fourth moments of the distribution. 
sampled curve by means of the chi-squared mal curve for the observed curve is made 
test for goodness 01 fit. These computations for all operations involving the distribution 
are given in Tables 5 and 6. of permeability in the interval. 
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From a petrographic sense a precise 
mathematical measure of the magnitude 
and spread of permeability values is 
available. 


TaBLE 4.—Example of Calculation of 
Fitted Curve, Shallow Zone 


X¢ = II.00 and og = 1.25 


Limit x x? Ordinate 
Phi x o% eo? | Height 
6 5 4.00 0.0003 0.01 
i 4 3.20 0.006 0.19 
8 3 2.40 0.056 1.78 
9 2 I.60 0.278 8.90 
10 I 0.80 0.726 23.20 
II ° 0.00 I.000 32.00 
12 I 0.80 0.726 23.20 
13 2 1.60 0.278 8.90 
14 3 2.40 0.056 1.78 
I5 4 3-20 0.006 0.190 
16 5 4.00 0.0003 0.01 
x? 
ee 20° — 32.00 where X = 0 


ovat 

A rapid method is available for the deter- 
mination of Xz and og and to determine 
approximately the fit obtained. The pro- 


cedure is described by Otto.? The percent- 
ages determined in the calculation of the 


TABLE 5.—Example of Calculations of 
Areas under the Normal Curve, Shallow Zone 


Phi 
x 
Lower | Upper 
Limits | Limits 
6 5 eds oO. 
i 4 | 3- oO. 
8 Bitc2 s oO. 
9 a oO. 
10 E fo. oO. 
II o | o. 
12 5 ol eg G3 
13 2 ke °. 
14 a °. 
I5 Yan |e Oo. 
16 5 Ce. Oo. 


X _100_ ,” 202 


« Per cent area = 
Og 2Tr 


phi frequency distribution are accumulated 

and plotted on arithmetic probability 

paper. The results are shown in Fig. 5. 
The intercept of the line drawn between 


4 the 15.9 per cent and the 84.1 per cent 
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values of the curve and the 50 per cent line 
is the arithmetic average in phi. 
The arithmetic average in phi subtracted 
from the 84.1 per cent value is the og. 
Departures of the observed curve from 
the line joining the 84.1 per cent and the 
15.9 per cent intercepts and its prolonga- 


TABLE -6.—Examples of Chi-squared Test 
for Goodness of Fit, Shallow Zone 


Cal- 
Limits | served | culated | f — fc} (f — fc)? asa" 
fe yc 
6-7 0.00 0.06 
7-8 0.00 OLTSiF [a EaSk) Tit72 0.38 
8-9 6.78 4.66 
O-10} 15.25, Ps. 72 —0.46| 0.21 0.23 
LO=EE | 27-12.) 28.81 —1.69] ‘2.85 0.10 
II-12] 27.12 | 28.81 —1.69| 2.85 0.10 
E213) 20:34 | 25.72 +4.63] 21.40 1.36 
I3-I4| 3-39 | 4.66 
I4-I5 0.00 0.75 =—2.08)} . 4.31 0.92 
I5-16| ~.00 0.06 
Total 2.99 
Chi-squared = 2.99 
N= —3=3 
— = 0.40 


tion indicate the approximate amount of 
skewness and kurtosis present in the ob- 
served data. If the departures are sufficient, 
caution is indicated in the use of the normal 
curve to describe the observed assemblage. 


A DEMONSTRATION, THAT OIL WELLS 
PERFORM IN ACCORDANCE WITH THEIR 
PERMEABILITY DISTRIBUTIONS 


In dealing with permeability, one is deal- 
ing with the resistance to the flow of fluids 
in the rock. If the composite effect of the 
numerous scattered values of permeability 
encountered in a well can be evaluated, oil- 
well performance can be put on a rational 
basis. 

The most direct proof that intervals are 
describable in terms of a normal distribu- 
tion of K lies in the prediction of initial 
productivity. 

An attempt was made to predict initial 
productivity by the following procedure: 

1. The Norris Johnston’ adaptation of 
the Pyle-Sherborne‘ curve of specific pro- 
ductivity index vs. permeability was set at 
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a slope of 2 and shifted to higher values of 
specific productivity index for equivalent 


TaBLE 7.—Type Calculation of . Specific 
Productivity Index 
Xg = 5 andog = 1 


Productivity 


Index 
. PT. 
Class f, Mid- (for 
Limits Per | point | roo Ft. Ac- 
Cent] Sp. P.I.| sand cumu- 
and) Per 
Gent lated, 
Per 
Cent 
I-2 0.13/0.00037/0.000048 
2-3 2.14|0.00067|0.001430) 0.4 0.4 
3-4 13.60/0.00118|0.016100 4.5 4.9 
4-5 34.13/0.00210/0.072000 20.0] 24.9 
5-6 34.13)/0.00410/0.140000 38.7} 63.6 
6-7 13.60/0.00740|0. 101000, 28.0) 91.6 
7-8 2.14/0.01300'0.027800) 7-5) OO15. 
8-9 0.13/0 02500 0.003250} 0.9} 100.0 
Totales. << 10. 361638 100.0) 
2 ek kee }0.0036 | 
| / 
Variation of Specific Productivity Index 
with og 
Increase, 
Xe %% Sp. P.I. Per Cent 
5 ° 0.0031 ° 
5 I 0.0036 16 
5 2 0.0062 roo 
5 3 0.0132 325 


K values. The curve was adopted because 
it was felt that it expressed correctly the 


21a 


of permeability encountered. The shift was 
necessitated because entry is made in these 
predictions with the geometric average 
permeability, which is always below that of 
the arithmetic average. The amount of 
shift was governed by trial and error, using 
one well as a criterion. 

The next three steps are illustrated in 
Table 7. 

2. The mid-point value of each phi class 
was determined in terms of equivalent 
specific productivity index. 

3. Percentages under the curve between 
class limits were determined for a set of 
normal curves of which Xg was held con- 
stant and oy varied between 1 and 3. This 
process was repeated for other values of 
Xy. 

4. The resultant areas were multiplied 
by their corresponding specific productivity 
index values, the resultant productivity 
indexes added and divided by roo. 

5. The results of such computations, 
together with the curve of specific pro- 
dyctivity index vs. permeability, were 
plotted on Fig. 6. 

6. Twelve wells in @ single zone at 
Dominguez were employed for a test of 
predictability. Their permeability values 
were gathered in phi, percentages taken, 


TABLE 8.—Tabulation of Prediction of Productivity of Twelve Wells 


Completion 
Pressure as 
Per Cent 
Initial 
Pressure 


NO 


UNNHANKHDUNK ODS 
na 


AMAA IL OP HH Or~) 
NNWNHWHNHNHNHWH 


Produced 
ict Sp; Pil as d 
ara Produced Percentage Predicted 
oP. Sp. P.I. of First Sp. P.I. 
Diiiete Approx. 
Sp. P.I. 
oO. (3) 126 0.0066 
oO. ° 120 0.0190 
oO. te) 114 0.0224 
oO. ° 100 0.0010 
oO. oO 44 0.0048 
oO. fe) 57 0.0022 
oO. ie} 21 0.00065 
Oo. o 20 0.0057 
oO. to) 19 0.0042 
oO. {e) 6 0.00IT 
oO. (9) 53 0.0062 
oO. ° 17 0.0017 


2 Cemented liners, gun perforated. 


effect of increasing values of permeability 
but was inadequate to express the spread 


and accumulated. From a plot of these per- 
centages on arithmetic-probability paper 
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the X, and og (Table 8) for each well 
determined. be 

With these values in hand, the specific 
productivity indexes of the wells were com- 
puted graphically from Fig. 6. 


effective permeability should decrease as 
the zone pressure is decreased and experi- 
ence is common that productivity indexes 
do so decrease in practice with depletion. 
Babson® has calculated a theoretical de- 


30. STANDARD DEVIATION 
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Fic. 6.—CALCULATION OF FIRST APPROXIMATION OF SPECIFIC PRODUCTIVITY INDEX. 


7. The computed specific productivity 
indexes were compared with the measured 
initial values. The measured values were 
seen to fall below the computed values as 
successively larger well numbers were en- 
countered. Since the wells were drilled in 
the order of their numbers, it followed that 
successively lower formation pressures 
were being encountered with each new com- 
pletion. Standard works on saturation and 
formation viscosities indicate that the 


cline in productivity index as a function 
of recovery and has obtained an approxi- 
mately straight line. 

8. Therefore a plot was made of the 
measured initial specific productivity in- 
dexes expressed as a percentage of the 
calculated indexes and plotted against the 
initial well pressure expressed as a per- 
centage of the original zonal pressure. The 
results are plotted on Fig. 7. Values in 
excess of 100 per cent of the calculated 
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specific productivity index presumably 
result because the well that was used as a 
criterion to shift the Pyle-Sherborne curve 
was not completed at original zonal 
pressure. 

g. On Fig. 8 45° lines were laid off 
through points that represented the inter- 
cepts of the even ro per cent pressure values 
and their corresponding percentages of 
specific productivity index from Fig. 7. 

1o. The calculated indexes by the 
graphic method of Fig. 6 were entered on 
the ordinate scale of Fig. 8, moved hori- 
zontally across the page until the line of 
percentage pressure, corresponding to the 
pressure of the well being determined, was 
reached, then the value on the abscissa 
scale was read. 

11. The values of specific productivity 
index read on the abscissa scale, therefore, 
are the predicted specific productivity 
indexes for the 12 wells in question. 

For comparative purposes, the calculated 
specific productivity indexes are plotted 
against the measured initial indexes on 
Fig. 9. Except for the two wells with 
cemented liners, the accuracy of prediction 
is that there is a 6 to 10 chance of a correct 
answer within +10 per cent, and a cer- 
tainty of a correct answer within +35 per 
cent. The deviations of the two gun-per- 
forated wells from the trend is in partial 
accord with Muskat.® 

Fig. 7 is sufficiently compatible with 
both theory and oil-field experience, and 
the mechanism of the increase in specific 
productivity index with increased g¢ is 
sufficiently reasonable so that the demon- 
stration is strong that oil wells perform 
in accordance with their permeability 
distributions. 


EMPLOYMENT OF THE NORMAL DISTRIBU- 
TION OF PERMEABILITY TO PROBLEMS 
OF RECOVERY 


The effectiveness of a gas or water drive 
is a function of the uniformity of the sands 
being flushed. The og appears to be the 
proper criterion of uniformity. If normality 


is not present, the best sand to flood will 
approach minimum oy, maximum negative 
Tg and minimum aug. 


PERCENT SPECIFIC P.1I. 
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Fic. 7—EFFECT OF DECREASE IN PRESSURE 
ON INITIAL PRODUCED SPECIFIC PRODUCTIVITY 
INDEX. 


The sharply increasing specific produc- 
tivity indexes of K assemblages as a func- 


TABLE 9.—T ype Calculation of Cumulative 


Per Cent Curve 
X¢ = 5, o¢ =1 (values from Table No. 7) 


Limits Sand ale 

Acc Acc. 
: Per ; Pen 

Phi Md. Per Per 
Cent Cent Cent Cent 
I-2 14-20 0.13 0.13 0.0 0.0 
2-3 20-28 2.14 ID ay | 0.4 0.4 
3-4 28-40 | 13.60 15.87] 4.5 4.9 
4-5 40-56 | 34.13 50.50; 20.0 24.9 
5-6 56-80 | 34.13 84.13| 28.7 63.9 
6-7 80-112] 13.60 97.73| 28.0 91.6 
7-8 I12-160| 2.14 99.87 75 99.1 
8-9 160-224| 0.13 | 100.00 0.9 | 100.0 
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tion of the cg indicates that a major portion 
of the early production of a well comes 
from a minor portion of the exposed sand. 

These proportions may be calculated as 
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ity of permeability, the Lorenz curve 
depicts schematically the shape of an 
advancing edge water under conditions of 
equivalent effective permeability and no 
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Fic. 8.—GRAPHIC SOLUTION FOR EFFECT OF DECREASE IN PRESSURE OF SPECIFIC PRODUCTIVITY 
INDEX. 


is done in Table 9 and displayed for the 
shallow, middle depth and deep intervals 
in Fig. to. 

By choosing each even ro per cent of the 
sand and following downward lines of con- 
stant permeability, the corresponding per- 
centage of productivity index is available. 
From such operations the curves of Fig. 
1m are constructed. These are known as 
Lorenz curves and are used in economics to 
show the concentration of production. 

Assuming complete horizontal uniform- 


0.0 


interface effect. Expressed quantitatively, 
if the Lorenz curve shows that 60 per cent 
of the productivity of a zone comes from 
ro per cent of the sand, it follows that in a 
well close to original edge water that at 
present has a water cut of 60 per cent, of 
the total sand exposed 10 per cent has gone 
to water. 

If there is complete horizontal nonuni- 
formity of permeability, the schematic face 
would be vertical, and under conditioris of 
complete nonuniformity of horizontal per- 
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meability, if the well cut is 60 per cent the 
proportion of sand gone to water is 60 
per cent. 

If gas or water is injected into a well 
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highest permeability, are subject to demon- 
stration by gas injection into a wet well 
followed by gas withdrawal and return to 
production. 


0.01 0.1 
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Fic. 9.—COMPARATIVE RESULTS CALCULATED 


with a 60 per cent P.I. and 10 per cent sand 
relationship, 60 per cent of the induced 
fluid will enter 10 per cent of the sand. This 
process will be initiated regardless of hori- 
zontal variation in permeability. The 
process will continue until the sand that is 
permeable at the well bore is packed to 
the outer reaches of relatively high 
permeability. 

The two postulates; first, that water will 
enter the well via the sand of highest per- 
meability and, second, that gas in the well 
bore will also selectively enter the sand of 
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Fig. 12 is such an example. The relation- 
ship here shown between injected gas and 
water cut is in accord with the postulates. 


A ProposED METHOD BY WHICH THE 
DEGREE OF HoRIZONTAL UNIFORMITY 
oF A SAND Micut BE EvALUATED 


Since individual K samples span approxi- 
mately 34 in. of vertical distance within the 
well bore, apparently it is impossible to 
correlate K values well to well as strati- 
graphic equivalents. If on the other hand a 
section of sand were sampled every r in. 
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and the resultant permeability profile were 
sufficiently regular to allow interpolation, 
assurance of proper stratigraphic per- 
meability correlation would be possible. 

The permeability profile of Fig. 13 is the 
result of such a study made on a 4-ft. sand 
capped and based with shales and contain- 
ing a t-in. streak of shale through the 
center. The profile is sufficiently random 
so that the validity of interpolation is in 
doubt. Therefore a screen analysis was 
made of the K samples for stations 24 
through 38. The grain-size profile of Fig. 
13 resulted. 

Since the screen-analysis profile and the 
permeability profile are similar, and the 
screen-analysis profile delineates a stable 
variation in sedimentation, it follows that 
the amount of interpolation necessary to 
compare two permeability profiles taken 
of this stratigraphic interval in two off- 
setting wells could be made with some 
assurance. 

Until another well is drilled in which all 
the hazards of acquiring such a compre- 
hensive analysis as performed on the 4-ft. 
section are met fortuitously, this matter 
must remain unanswered. 


Porosity DISTRIBUTIONS 


Porosity distributions give symmetrical 
arithmetic normal curves. The standard 
deviations encountered by the author show 
a small range. As seen in Fig. 14, the arith- 
metic average decreases with depth. 

The distributions give a precise affirma- 
tion to the use of the arithmetic average 
of porosity for reservoir calculations. 


POROSITY-PERMEABILITY CORRELATION 


The correlation table of Fig. 15 warrants 
thoughtful consideration. Much that is 
statistically unsatisfactory is believed to 
be due to the inability to always take K 
values parallel to bedding and to the 
measurement of porosity values as total 
rather than effective. 
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It is believed that this table presents an 
approach to interstitical heterogeneity on 
an intensive basis. 


PERMEABILITY PROFILE 


ACKNOWLEDGMENTS 


The author wishes to thank the Domin- 
guez Oil Fields Co. for release of this mate- 


SCREEN ANALYSIS PROFILE 


n 


w 


DEPTH SCALE IN INCHES 


ie) 


PERMEABILITY md 


° 25 50 75- 100 i25 150 


17% 200 225 


Fic. 13.—DETAILED PERMEABILITY PROFILE. 


CONCLUSIONS 


It has been desired that this paper por- 
tray the salient features of distributions. 
Therefore no space has been given to either 
the refinements indicated or the features 
of speculation aroused. The major con- 
clusions to be derived from the data are 
believed to be: 

1. With some exceptions permeability 
and porosity assemblages give respectively 
satisfactory logarithmic and arithmetic 
normal frequency distributions. 

2. Statistical technique appears to offer 
the reservoir analyst opportunities for the 
solution of oil-field problems. 

3. The solution of the problem of the 
anatomy of sand reservoirs is a problem 
common to the sedimentary geologist and 
the reservoir analyst. The recognition of 
permeability distributions further provides 
that the efforts of one should complement 
the other. 
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DISCUSSION 


| N. Jounston,* Los Angeles, Calif—Mr. Law 
has made a new and useful application of an 
old and well-known method of analysis. He 
comes to the conclusion that the graphical 
relation between permeability and productivity 


* Physicist, General Petroleum Corporation 
of California. 
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index is subject to an improvement which 
brings into the picture the deviation of individ- 
ual permeabilities from the average. I have 
wanted for some time to make some such 
refinement, so this is a welcome contribution. 

There is another aspect of the averaging of 
varying permeabilities. When a given sand 
interval contains permeabilities varying over 
a wide range, the resultant flow capacity of the 
interval for a given fluid depends very greatly 
not only on the statistical but also on the physi- 
cal distribution of the sand streaks of varying 
permeability: To illustrate: if in a 20-ft. sand 
interval, half the sand has a permeability of 
ro md., the other half, 100 md., the arithmetic 
average permeability is 55 md., regardless of 
the physical distribution. One of the two ex- 
treme cases would be represented by two 10-ft. 
homogeneous strata in contact, one of ro md., 
the other of 100 md. permeability. The other 
extreme would be represented by a regular 
alternation of thin streaks of sands of the two 
permeabilities. In the first case, the flow ca- 
pacity would be approximately equivalent to 
that of a solid sand interval of uniform per- 
meability of 55 md. In the second case the flow 
capacity would be equivalent to that of a 20-ft. 
homogeneous sand body of much higher 
permeability, possibly 99 md., if the sand 
streaks were thin enough and permeably con- 
nected. This is because the oil or gas in the 
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tight streaks would quickly migrate obliquely 
into the more permeable sand, and flow into 
the well along these better conductors, effec- 
tively by-passing the tighter streaks. 

The phenomenon of oblique flow is mathe- 
matically so complex that even Dr. Muskat has 
been unwilling to tackle it in generalized form, 
and has published so far only a simple special 
case. With variations in permeability of 100:1, 
the proper solution of an extreme case of 
oblique flow could change well-productivity 
estimates by as much as 2:1 from the estimate 


made from a simple arithmetic average. If 


there is any way in which Mr. Law’s statistical 
analysis can help to give us a solution to the 
oblique-flow problem, I am sure we should 
welcome the result. As it stands, Mr. Law’s 
contribution is of considerable value, and, 
among other things, should lead the way to a 
better understanding of the deviations of 
individual wells from the average curve relat- 
ing specific productivity index to permeability.' 

J. Law (author’s reply).—In this author’s 
opinion, because of the lack of knowledge of the 
incidence of interstitial heterogeneity, a solu- 
tion to the problem of oblique flow is not 
indicated. 


SN: Johnston and J. E. Sherborne: Perme- 
ability as Related to Productivity Index. 
ar Petr. Inst. Drill. and Prod. Practice 
1943). 
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ABSTRACT 


AN apparatus has been developed which 
permits selective acidizing of producing forma- 
tions and determination of the relative perme- 
ability of a formation by fluid injection. This 
apparatus, known as the “Electric Pilot,” is an 
electrical fluid-interface locator, the electrical 
circuit of which is completed when the elec- 
trodes in the well are in contact with a conduc- 
tive fluid, but is not completed when immersed 
in a nonconductive fluid. Results are given for a 
number of typical acidizing applications in 
which the interface locator was used to control 
the acid. Description of the method used in 
making a permeability survey and the data 
obtained are also included. 


INTRODUCTION 


Early in the development of the acidizing 
industry it was recognized that one of the 
most important problems to be solved in 


_ the chemical treatment of any well was the 


determination of what part of the exposed 
section in the well should be treated and the 
selection of the technique that would insure 
treatment of the desired section. 

One of the first techniques adopted for 
assisting in proper placement of the acid, 
which is still widely used, is the method of 
confining the acid to the producing section 
by means of a column of oil, which is known 
as the Carr! method of treatment, named 
for its inventor. In the Carr method it is not 
possible to selectively acidize a specific 
horizon in a multiplé pay zone, so many 
improvements and modifications of the 


Manuscript received at the office of the 
Institute Jan. 23, 1943. Issued as T.P. 1604 in 
PETROLEUM TECHNOLOGY, July 1943. 

* Dowell Incorporated, Tulsa, Oklahoma. 

1 References are at the end of the paper. 


basic Carr technique were devised to 
accomplish this result. 

In order to overcome the possibility of 
the acid entering an undesirable section at 
the bottom of the well, organic gel plugs? 
were introduced into the bottom of the well, 
which served to halt the entrance of the 
treating solution into these zones.* These 
chemical gels later liquefied because of 
bacterial action and were removed from 
the well with the produced fluid. 

In fields where a gas cap existed, as in the 
Goldsmith field of Ector County, Texas, it 
was imperative that a treating technique be 
evolved that would confine the acid to the 
oil-producing zone below the gas cap. By 
so doing the oil-productive capacity of the 
wells could be improved without greatly 
increasing the gas production and this 
would lower the gas-oil ratio of the well. 
The technique employed‘ to achieve this 
effect utilized two pumps, one for pumping 
the chemicals down the tubing, the other to 
simultaneously force oil down the annular 
space to confine the acid to the oil pay, 
thus preventing the chemicals from enter- 
ing the upper gas-bearing zones. 

Experience has indicated that gas wells 
and certain types of oil wells respond better 
to “stage treating.”’-This technique utilizes 
the introduction of a certain volume of acid 
and then allows the well to “clean up” 
before introduction of the next and usually 
successively larger stages. Where such 
methods are employed steps must be taken 
to keep a disproportionate share of the acid 
from entering the most permeable and 
previously treated zones.° A special tool 


223 


224 SELECTIVE ACIDIZING AND PERMEABILITY DETERMINATION 


called the “jet gun” is often used. This 
device is attached. to the bottom of the 
tubing through which the acid is intro- 
duced. It contains many small jets, which 
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Fic. 1—CONSTRUCTION OF ELECTRODE UNIT. 


cause high-velocity streams of acid to be 
impinged upon the sections of lower 
permeabilities. 

All of these selective acidizing methods 
depend for their success upon the complete- 
ness and accuracy of well data provided by 
the geologist and engineer representing the 
well owner. Often it has been learned, too 
late in many instances, that the zones to be 


treated were inaccurately located or the 
data were so meager that no definite con- 
clusions could be reached in regard to the 
location of the permeable, porous zones 
that contained the oil. 


THE INTERFACE LOCATOR 


Recently there has been placed in field 
service an apparatus known to the trade as 
the Electric Pilot, which can be used (1) to 
determine the relative permeability of 
various zones in a- well bore and (2) to 
introduce the treating chemicals into the 
desired zones. Relative permeability is 
determined by measuring the fluid-injec- 
tion rate into all parts of the exposed forma- 
tion, and>acidizing control is effected by 
introducing acid and oil into various parts 
of the formation at such rates that the top 
or bottom level of the acid in the borehole, 
as indicated by the electric pilot, is held at 
the desired level. 

Briefly, the instrument is an electrical 
fluid-interface locator, the electrical circuit 
of which is completed when the electrodes 
in the well are in contact with a conductive 
fluid, such as acid or salt water, but is not 
completed when immersed in a nonconduc- 
tive fluid such as oil. The electrode unit is 
run into the well on an insulated single- 
conductor cable, the insulated copper core 
and the external steel wires forming the 
two conductors required for the electric 
circuit from the surface to the bottom of the 
well. 

A diagrammatic sketch of the electrode 
unit is given in Fig. 1. Essentially, the 
instrument consists of a steel tube several 
feet long, on the outside of which are 
mounted two electrodes, completely insu- 
lated from the steel tube. The insulated 
conductor wire of the cable is connected to 
the upper electrode, and the lower electrode 
is electrically connected to the upper by 
means of an insulated wire having a resist- 
ance of several hundred ohms. In order to 
complete the electric circuit in the well, it is 
necessary to establish electric connection 
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between the body of the pilot and one or 
both of the electrodes. 

In some applications the interface locator 
is run inside the tubing and in others it is 
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Fic. 2.—SCHEMATIC DIAGRAM OF EQUIPMENT. 


run in the casing and open hole with no 
tubing in the well. The seating ring shown 
near the top of the electrode in Fig. 1 is 
required only when it is run inside the tub- 
ing. The seating ring seats in a companion 
piece previously installed on the bottom of 
the tubing, thus causing any fluid intro- 
duced into the tubing to go into the fluid 
passages of the electrode unit and out the 
bottom of the unit. 

The surface equipment used with the 
interface locating unit is shown in Fig. 2. 
This consists of a power-driven reel for 
spooling the insulated cable, with a measure 
meter and weight indicator installed on the 
line near the reel. The insulated copper 
conductors in the cable and the cable 
sheath are connected to slip rings, mounted 
at one end of the reel. This permits electri- 
cal readings to be taken while the cable is in 
motion. Operating current for the unit is 
supplied by a small alternating-current 
generator connected to a transformer. An 
ammeter in the circuit shows the amount of 
current flowing, and this is a direct indica- 
tion of the location of the conductive fluid 


Actual operation of the interface locator 
is most easily understood by reference to 
Fig. 3, in which the electrodes are shown 
completely immersed in oil, immersed half 
in acid and half in oil, and completely 
immersed in acid. The illustrations show 
the electrode unit connected with a battery 
(B) and an ammeter (A), and also the 
ammeter readings that can be expected 
under each of the three conditions possible 
at the bottom of the hole during use. 

In the left-hand illustration of Fig. 3, 
only oil is in contact with the electrodes, 
and as oil is a nonconductor the electric 
circuit between the electrodes and the body 
of the pilot is not completed. No current 
flows in the circuit and the ammeter 
registers zero. 

In the center illustration, acid is in con- 
tact with the lower half of the steel body of 
the electrode unit, and oil is in contact with 
the upper electrode and the upper part 
of the steel body. Acid is a conductor of 
electricity, therefore the electric circuit is 
completed between the lower electrode and 
the body of the unit. Current now flows in 
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the circuit from the battery to the top 
electrode, through the resistance, to the 
bottom electrode, through the acid to the 
body of the unit, to the ammeter and back 


operator observes an electrical instrument, 
and when this instrument reads zero it 
means that the acid or salt water is below 
the bottom electrode. When the instrument 
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Fic. 3.— OPERATION OF INTERFACE LOCATOR. 
No current flows when electrode unit is immersed in oil but a definite current flows whe. one 


or both electrodes are in acid. 


to the battery. A definite amount of current 
is now flowing in the circuit and the amme- 
ter will show about a half scale deflection. 

In the right-hand drawing of Fig. 3, only 
acid is in contact with the electrode unit. 
In this case the electric circuit is completed 
between the lower and the upper electrodes 
and the body of the unit. The current now 
flows in the circuit from the battery to the 
top electrode, through the acid to the body 
of the unit, to the ammeter and back to the 
battery. As the resistance between the two 
electrodes has now been shorted out, con- 
siderably more current will flow than was 
possible in the previous illustration. The 
ammeter will now indicate practically a 
full-scale deflection. 

Although these illustrations have as- 
sumed acid and oil to be the two fluids in 
contact with the electrodes, other conduc- 
tive and nonconductive fluids will work 
equally well. In making permeability sur- 
veys it is customary to use salt water 
instead of acid. 

The illustrations in Fig. 3 are analogous 
to the actual happenings in a well. The 


gives a half-scale deflection it means that 
the interface between acid or salt water and 
oil is between the bottom and top elec- 


trodes. When the instrument gives a full- _ 


scale deflection it means that the conduc- 
tive fluid is at or above the top electrode. 
Location of the interface between a con- 
ductive and a nonconductive fluid in a well 
makes possible two distinct types of well 
applications: (1) control of fluid-injection 
rates so as to maintain the interface at the 
desired level, and (2) surveying wells by 
following the movement of the interface 
under controlled conditions. Under the first 
classification the most important com- 
mercially to date has been selective acidiz- 
ing of the lower pay in a zone containing 
two or more pays, although successful 
acidizing of an upper pay has also been 
accomplished using an electrode having an 
electrical connection practically the reverse 
of that described previously. The most 
important commercial application of the 
moving electrode technique is the deter- 
mination of the relative permeability of a 
formation by observing the rate of the oil- 
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water interface while fluid is being injected 
into the formation. 
ACIDIZING OF SELECTED ZONE 


The electric interface locator has proved 
of great value in the acidizing of many 
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ously, oil is pumped into the annulus 
between the tubing and casing. By this 
means an acid-oil interface is obtained that 
is relatively free from turbulence and from 
the possibility of emulsion formation. The 
relative pumping rates of acid and oil 
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Fic. 4—PERMEABILITY BEFORE ACIDIZING. 
Before acidizing, the tieentiod had two permeable zones with a relative permeability of 
nearly seven in the upper zone and three in the lower zone. 


wells with high gas-oil ratios, high water-oil 
ratios, two or more pay zones, sands ex- 
posed above or below limestone, leaky cas- 
ing, or wells that have been deepened. In 
such wells it is desirable that acid be placed 
in a selected zone in order to produce best 
results. 

To acidize the lower pay of a multiple- 
zone well the electrode seating nipple is 
installed on the lower end of the tubing and 
sufficient tubing is run in the well to place 
the electrode seat 2 ft. above the top level 
to which acid should rise during the treat- 
ment. The electrode unit is then run into 
the tubing and seated in the bottom of the 
tubing. As the electrode seating ring is near 
the top end of the unit, this permits the two 
electrodes to project out below the bottom 
of the open-end tubing, with the mid-point 
between the electrodes at the top acid level. 

During the treatment, acid is pumped 
down the tubing and discharged into the 
well below the electrodes, and simultane- 


employed during the treatment are then 
determined by the readings on the electric 
meter at the surface. When the meter gives 
a full-scale deflection, indicating that the 
acid level is too high, either the acid- 
introduction rate is slowed down or the oil 
rate speeded up. If the acid level is too low, 
as indicated by a zero reading on the instru- 
ment, the acid introduction rate is speeded 
up or the oil slowed down. 

It is generally found that the ratio of oil 
to acid required to hold the top of the acid 
at the desired point is much less toward the 
end of the acid treatment than at the 
beginning. This is exactly what would be 
expected, as it means that the permeability 
of the lower zone is increased by the acid 
while the permeability of the upper zone, 
which received no acid, remains substan- 
tially unchanged. Fig. 5 shows the injection 
rates for acid and oil used in treatment of a 
well in the West Texas area where the 
electric interface locator was used to confine 
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the acid to the bottom pay in a well having 
two pay zones. At the start of this treat- 
ment the acid-injection rate was approxi- 
mately half the oil-injection rate, while at 
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of wells consists of the introduction of 
sufficient salt water into the bottom of the 
well to cover completely all of the section to 
be surveyed and the forcing of this salt 
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Fic. 5.—ACm-TREATMENT DATA. 
During treatment of the lower pay, the casing pressure remained nearly constant, but the rate 
of introduction of acid increased as the treatment progressed. 


the end of the treatment, acid and oil were 
being pumped at substantially the same rate. 

Without some means of continuously 
determining the location of the top of the 
acid throughout the treatment, selective 
acidizing by pumping acid down the tubing 
and oil down the annulus is merely guess- 
work. The electric interface locator makes 
this method of selective acidizing an 
accurate and reliable procedure. 

General well data and results obtained 
from a number of selective acidizing treat- 
ments in which the electric interface locator 
was used are shown in Table 1. This gives 
an idea of some of the various types of wells 
and different techniques to which the 
electric interface locator has been found 
applicable. 


DETERMINATION OF RELATIVE 
PERMEABILITY 


Various techniques have been used for 
permeability surveys, but the one that 
seems to give the best results in a majority 


water into the formation by introduction of 
oil into the well. The rate of fall of the salt 
water-oil interface is determined, by means 
of the interface locator, during the injection 
of salt water into the formation. From these 
data the relative permeability of various 
sections of the formation can be calculated. 

A good example of the technique em- 
ployed and the data obtained is given for a 
well in the Slaughter pool of Hockley 
County, West Texas, on which a permeabil- 
ity survey was made before and after a 
selective acidizing treatment. This well had 
an original total depth of 5028 ft. with 
5}9-in. casing set at 4720 ft. On completion 
of the well in 1930, it was given a sooo0-gal. 
acid treatment but no attempt was made 
to direct the acid to any particular zone. 
Production history of the well over a 3-yr. 
period indicated that selective re-acidizing 
of the less permeable zones should result in 
increased production. 

In making the permeability survey 
before re-acidizing, sufficient salt water was 
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introduced into the bottom of the well to 
fill approximately to the casing point. The 
well was then filled with oil, and oil was 
pumped into the well at a rate of ro gal. per 
min. throughout the survey. The pressure 
at the surface is shown on the curve marked 
“Casing Pressure” on Fig. 4. This shows 
that the pressure was constant at 295 lb. 
until after the interface passed the first 
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pick the permeable sections from the well- 
cutting data. 

The survey showed that the upper 
permeable zone at 4975 ft. had twice the 
permeability of the lower zone at 5020 ft., 
so the lower zone was acidized with 5000 
gal. of acid, using the interface locator to 
control the injection of acid. The electrode 
unit was seated in the lower end of the 


TABLE 1.—Daia on Selective Acidizing 


Oil Produc- 
tion, Bbl. per 
Day 


Pay 


Well Location Moveantion 


Before] After 


Pawnee County, Kansas. Arbuckle 
Creek County, Oklahoma| Arbuckle 


Rogers County, Okla-| Mississippi 


homa. 


Pawnee County, Kansas.} Arbuckle 


Russell County, Kansas..| Kansas City 
Greenwood County,| Kansas City 
ansas. c~ ee 
Butler County, Kansas..| Mississippi 
Seminole County, Okla- | Viola and 
homa. Simpson 
Crane County, Texas... .| Ellenburger 
Ector County, Texas....| Permian 


permeable zone, and that after this the 
pressure rose rather rapidly. The location of 
the salt water-oil interface was followed 
with the electric interface locator, and a 
graph of interface location against time was 
made from these data (Fig. 4). 

For comparison with this injection 
permeability data, a “relative porosity” 
log, derived from microscopic determina- 
tions run on well cuttings, is also shown in 
Fig. 4. There seems to be some general 
agreement between the two sets of data but 
in this case it might have been difficult to 


ness of | Part of Pay Ces Remarica 
Treated eae S 
Lower 3 ft. | 1,000 | Gas-oil ratio reduced 


from 31 to 2 M cu. ft. 
per bbl. 

Arbuckle and Bartleés- 
ville open, acid held to 
Arbuckle 

Interface locator used 
to prevent circulating 


8 ft. | 1,000 


Lower 20 ft. | 1,000 


casing seat 

Lower 6 ft. | 1,500 | Treated in new hole 
following deepening 
operation 

Lower 35 ft. | 4,000 | Deepened to new pay. 


Acid held to bottom 


pay 

Acid kept out of water 
pay above oil 

Acid held to lower pay, 
which received no acid 
on previous treatment 

Reverse electrode used 
to direct into Viola 
above Simpson 

Acid confined to pay 
below gas cap. Gas- 
oil ratio after treat- 
ment, 600. 

Lower section of pay 
acidized to prevent in- 
crease in gas 


Lower 8 ft. 1,000 


Lower 13 {t. | 1,000 


Upper 17 ft. | 1,500 


Lower 20 ft. | 5.000 


Lower 95 ft. | 1,000 


tubing and so located that the acid would 
be held below 4990 ft. Oil was pumped 
down the casing and acid down the tubing 
in the quantities required to maintain the 
interface at the desired point. Fig. 5 shows 
the pumping rates for oil and acid; also the 
casing and tubing pressures used through- 
out the treatment. 

After acidizing, the well was put on 
production until practically all the spent 
acid had been produced from the formation. 
An after-treatment permeability survey 
was then conducted, using a technique 
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similar to that used on the pretreatment 
survey. However, it was found that this 
survey could be conducted with the hydro- 
static head of a well full of oil, so no surface 


equivalent to gallons per minute, since a 
hole drilled with a 434-in. bit holds approxi- 
mately x gal. per foot. The flow rate into a 
given zone is obtained by taking the differ- 


INJECTION RATE DATA 


PRESSURE, PSI 
{e} 100 


PERMEABILITY 


+ 


LOCATION OF| 
INTERFACE 


RATE OF FLOW 
OF SALT WATER 


ISGRRSRRKWWW 


DEPTH, FT. 


RELATIVE 
PERMEABILITY 


ite} 20 30 40 
TIME FROM START 
OF SURVEY, MINUTES 


4 6 8 
RELATIVE PERMEABILITY 
RATE OF FLOW, FT-~MIN. 


ie} 


Fic. 6.—PERMEABILITY AFTER ACIDIZING. = 
The formation exhibits the same permeable zones as before acidizing but the permeability of 
the lower zone has been increased by a factor of three. 


pressure was put on the well except near 
the end of the survey. This lower pressure 
on the formation caused the injection rates 
into all zones to be proportionately less 
than on the first survey. 

The data obtained on the after-treatment 
permeability survey are shown in Fig. 6, 
and a compilation of the results of both 
surveys is given in Table 2. 


ence in the injection rates above and below 
the permeable zone. 

The relative permeabilities before acidiz- 
ing, as shown in Table 2, are numerically 
the same as the flow rates into the respec- 
tive zones. In calculating the relative 
permeabilities after acidizing it was as- 
sumed that the section at 4975 ft. had the 
same permeability before and after the 


TABLE 2.—Resulis of Permeability Survey 


Injection Rates, Ft. per 
; Min. 


Time 
Above epee: Below 
4975 5020 §020 
Before acidizing...... 10.05 


After acidizing®. oud. 


The injection-rate data given in Table 2 
are calculated from the slopes of the curves 
in Figs. 4 and 6, which represent the 
quantity of fluid entering all permeable 
zones below the interface. These data are 
given in feet per minute, which is nearly 


Flow Rates into Permeable 
Zone, Ft. per Min. 


4925 $020 


Relative Permeability 


4975 5023-26 


acidizing treatment, since no acid entered 
this section. Using 6.96 to represent the 
permeability of the section at 4975 ft., the 
relative permeability of the section at 5020 
ft. after acidizing will be 8.11, and the 
section at 5026 will be 1.69. Thus, the 


“= 
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permeability of the zones at 5020 and below 
were approximately 3.2 times as great after 
acidizing as before. 

The electric interface locator or “ Electric 
Pilot” has been used in numerous types of 
wells in several states. The results obtained 
to date indicate that by the use of this 
instrument new economies in well treating 
may be secured through resultant improve- 
ment in acidizing techniques. Improved 
acidizing techniques, or the introduction 
of the chemicals into the proper zones in a 
well, should result in better wells and 
increased recoveries. 

The use of this apparatus in surveying 
wells for the location and relative perme- 
abilities of porous sections in all kinds of 
wells, including those used in secondary- 
recovery projects, will provide data of 
much value in determining completion and 
workover practices. 
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DISCUSSION 


G. H. Fancuer,* Austin, Texas.—The 
apparatus described by Hefley and Fitzgerald 
should be very useful in petroleum engineering 
work. Not only can practical results be 
achieved, but also valuable data result, which 
can be applied by the engineers to the solution 
of problems of specific interest. Many applica- 
tions of the apparatus, in addition to those 
described by the authors, will occur to the 
petroleum engineer in the field. 

The only fly in the ointment, so to speak, is 
the misuse of the term “relative permeability.” 
Relative permeability has been defined,* 


w NH 


= 


* Professor of Petroleum Engineering, Uni- 
versity of Texas. ‘ 

6 Standard Procedure for Determining Per- 
meability of Porous Media. Amer. Petr. Inst. 
Code No. 27, Ed. 2 (April 1942). 


standardized and agreed upon for use in the 
industry as the ratio of the effective per- 
meability of a sand or rock to single fluid phase 
to the permeability of the sand or rock. The 
“relative permeability” of Hefley and Fitz- 
gerald in no sense conforms to this definition. 
No doubt the objective in using the term was 
simplification, but simplification at the price 
of confusion is unwarranted. It is suggested 
that the use of the word “relative” as an 
adjective modifying permeability be avoided, 
except where the sense of A.P.I. code 27 is 
indicated. 

It is further suggested that the type of 
permeability data with which this paper is 
concerned be discussed in terms of permeability 
ratios, the specific ratios being defined only as 
necessary. The term “average permeability” 
is in good standing to represent the weighted 
average of a permeability profile, and the 
fluid intake ratio of sand or sections of a 
sand is directly in proportion to the average 
permeability. 


L. E. Evxiys,* Tulsa, Okla.—It is believed 
that the development of the electric pilot and 
the applications reviewed in this paper are in 
reality preliminary to the development and 
perfection of technique that ultimately will 
result in exact scientific control of various 
types of remedial work. It seems as though the 
ultimate goal to be reached from the stand- 
point of determining complete well information 
includes a record of the diameter of the well 
bore, an accurate permeability profile, and a 
qualitative determination of the nature of 
fluids entering the well bore at any one specific 
interval. With this information available, 
reconditioning becomes a matter of applied 
mechanics. : 


P. E. Firzceratp (author’s reply).—The 
term “relative permeability” as used in our 
paper refers to the relative permeability of one 
permeable zone to another permeable zone in 
the same well: We have discussed our use of 
this term with several engineers, and find that 
there is no misunderstanding of our meaning. 


* Assistant Chief Production Engineer, 


Stanolind Oil and Gas Company. 


Vapor-liquid Equilibria of Natural Gas-Crude Oil Systems 


By M. B. Stanpinc* anp D. L. Katz,} MemBer A.I.M.E. 
(Los Angeles Meeting, October 1942) 


ABSTRACT 


EquItiprium data are reported on the com- 
position and-densities of coexisting vapor and 
liquid phases as a function of pressure and 
temperature for four hydrocarbon systems 
prepared from crude oil and natural gas. The 
data were observed over a range of pressures 
from 1000 to 8220 Ib. per sq. in. and at tem- 
peratures ranging from 35° to 250°F. 

The compositions of the hydrocarbon sys- 
tems were such that the critical temperatures 
of the mixtures were lower than the range of 
the investigation. Under these conditions, it is 
shown that the composition of the systems 
has a marked effect upon both the absolute 
value of the equilibrium constants and the 
change of the constants with pressure for the 
several components comprising the system. 
From weight-balance considerations, it has 
been possible to construct the partial phase 
diagram of a mixture of a 49.9° A.P.I. crude oil 
and natural gas having a gas-oil ratio of 3660 cu. 
ft. per barrel. Descriptions of the apparatus 
used, the analytical procedure, the material 
used, and the equilibrium measurements are 
included. 


A knowledge of the physical behavior of 
naturally occurring hydrocarbon mixtures 
is fundamental to the treatment of many 
problems in the production, transportation 
and refining of petroleum. The recent dis- 
coveries of pools having formation pressures 


Abstract of a thesis submitted by M. B. 
Standing to the Horace H. Rackham School 
of Graduate Study, University of Michigan. 

Manuscript received at the office of the 
Institute July 12, 1943. Issued as T.P. 1651 in 
PETROLEUM TECHNOLOGY, November 1943. 

*Standard Oil Company of California, La 
Habra, California. 

t Professor of Chemical Engineering, Univer- 
sity of Michigan, Ann Arbor, Michigan. 


up to 7500 lb. per sq. in. and higher, and the 
development of full-scale equipment to 
operate at pressures of 5000 lb. per sq. in. or 
more have greatly increased the need for 
knowledge of the composition, temperature, 
pressure and density relationships of co- 
existing vapor and liquid hydrocarbon 
phases. 

The following paper presents the results 
of investigations upon 22 mixtures of nat- 
ural gas and crude oil of known composition 
that had been brought to equilibrium under 
controlled conditions of temperature and 
pressure. Data are presented upon the 
densities and compositions of the coexisting 


vapor and liquid phases for four different _ 


systems containing hydrocarbon material 
having boiling points from minus 258°F. to 
well over 1o00o°F. The data were observed 
over a pressure range from 1000 lb. per 
sq. in. to 8220 lb. per sq. in. and a tempera- 
ture range from 35° to 250°F. 

The accepted method of computing the 
physical relationship between two coexist- 
ing phases of a hydrocarbon mixture is by 
use of the “equilibrium constant” K as 
proposed by Souders, Selheimer, and 
Brown."! By definition, 


K = y/x {r] 
where 
y 


lI 


mol fraction of the component in 
the vapor phase, 
mol fraction of the component in 
the liquid phase, 

K = equilibrium constant of the com- 
ponent at the equilibrium tempera- 
ture and pressure. 


x 


1 References are at the end of the paper. 
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Fic. 1.—DIAGRAM OF APPARATUS. 
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The use of the equilibrium constant in the 
computation of vapor-liquid equilibria has 
been explained.*-® 

Equilibrium constants determined from 
hydrocarbon systems composed of two or 
three components have received consider- 
able study.1:?,8,10 

Katz and Hachmuth® have reported the 
results of investigation on a crude oil- 
natural gas system that covered a range of 
temperatures from 40° to 200°F. at pres- 
sures up to 3422 Ib. per sq. in. More 
recently, Webber" has published data on a 
hydrocarbon gas-absorber oil system up to 
5014 lb. per sq. in. Since the completion of 
the experimental program reported by this 
paper, equilibrium constants for a volatile 
hydrocarbon ‘‘distillate” system have been 
reported.® 

While the use of the equilibrium constant 
enables one to compute the vapor-liquid 
equilibrium, it is also of considerable 
importance to be able to evaluate the 
properties of the individual phases. Previ- 
ous papers!*:13 prepared from the results of 
this investigation have presented methods 
for computing the densities of the coexist- 
ing vapor and liquid phases at pressures up 
to 10,000 lb. per sq. in. and temperatures to 
250°F. 


EQUILIBRIUM APPARATUS 


In order to study the effect of pressure, 
temperature, and system composition upon 
the vapor-liquid equilibria and the proper- 
ties of the coexisting phases at pressures 
between 1000 and 10,000 Ib. per sq. in., the 
apparatus shown diagrammatically in Fig. 
I was constructed. 

The equilibrium cell A, of approxi- 
mately 750 ml. capacity, was constructed 
from a solid piece of steel. A satisfactory 
seal between the base and the cap was ob- 
tained by use of a soft copper gasket B, 
deformed by a tongue-and-groove joint. 
Fluid lines to the cell consisted of a vapor 
sample line C, a liquid sample line D, and 
a fluid-injection line Z. Two thermocouple 


wells F were drilled into the cell wall, which 
permitted the recording of the temperature 
14 in. from the inner wall. In addition, three 
high-pressure electrical leads (not shown) 
were brought in through the cell cap to 
service the liquid-level indicator G. 

The cell was supported in a steel frame- 


work, which also served as a support for the - 


1g-in. thick asbestos walls of the constant- 
temperature bath and for the bath stirring 
motor H. The framework in turn was sup- 
ported by two spindles and bearings J, 
which permitted the rotation of the bath 
and contents about a horizontal axis. 

The constant-temperature bath was 
heated by use of a 500-watt and a 250-watt 
heater manually controlled. A second s500- 
watt heater was automatically controlled 
through suitable relays by a bimetallic 
thermoregulator Z. Air was used as the 
heating medium and could be maintained 
within +0.3°F. Below room tempera- 
tures, a small finned cooling coil placed 
within the bath and supplied with iced 
brine permitted operation down to 30°F. 
A high-speed stirrer gave rapid circulation 
of the air within the bath. 

The entire bath and contents could be 
oscillated through angles of plus and minus 
30° from the horizontal by an arrangement 
of a motor, gear reducer, and eccentric arms 
attached to one of the spindles. The rate of 
oscillation was approximately eleven cycles 
per minute. 

Electrical connections to the heaters and 
to the bath-stirrer motor were through an 
arrangement of five slip rings, K. No slip 
rings were provided for the thermocouple 
circuits or for the 1! and 3-volt circuits, 
but sufficient wire length was allowed for 
the oscillation of the bath. 

Two steel pycnometers of approximately 
25 ml. capacity were used in taking samples 
of the phases within the cell. These were 
connected to the cell through suitable valves 
and could be detached from the cell and 
removed from the air bath through a small 
hand hole in the wall of the thermostat. 


| 
| 
| 
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At all times connection between the pres- 
sure gauges on the control panel and the 
base of the equilibrium cell was maintained 
by means of a 1o-ft. length of pressure tub- 
ing coiled in the form of a spiral and placed 
around one of the spindles. A second spiral, 
as shown in Fig. 1, connected the pycnom- 
eters to the control panel. 

A mercury piston displacement pump 
and a surge cell of approximately 325 ml. 
capacity were connected to the pressure 
manifolds on the control panel. An arrange- 
ment of valves on the pressure manifolds 
permitted the addition of mercury or 
hydrocarbon material to the equilibrium 
cell at any time. 


MATERIALS 


The materials used throughout the in- 
vestigation consisted of a dry natural gas, 
a 14.2-lb. Reid vapor-pressure natural 
gasoline, and a 32.2° A.P.I. stock-tank oil 
from the Schuler pool, Arkansas. The 
natural gasoline was blended with the 
stock-tank oil in varying proportions 
and the resulting mixtures, identified as 
“crudes” in the following paper, were 
brought to equilibrium with various 
amounts of natural gas. 

The compositions of the three materials 
are listed in Table r. Owing to a preliminary 
treatment in the field with activated car- 
bon, the natural gas was essentially free of 
material heavier than propane. Two lots of 
natural gasoline were used, both having 
only a trace of isobutane and lighter 
material present. Lot 1 was used through- 
out the series A, B, D, and E runs and lot 2 
was used in all other investigations. The 
stock-tank oil was the same as that used by 
Katz and Singleterry’ in an investigation of 
the critical phenomena. 

Twenty-two equilibrium mixtures were 


studied. According to the isotherm investi- 


gated and the properties of the mixtures, 
the 22 runs have been segregated into eight 
series, as identified in Table 2. 


TABLE 1.—Analyses of Materials Used 
NATURAL GAS 


Component Mol Fraction 
INDiTOMeUNE:. Rew cos ONE ck sonics oe 0.00 
Carbou dioxide rs 1.06 ch ch von ace Seach 
WT EUR AER Ateneo sen nie caren cee cee 0.9320 
PIUHGAE sins eran pela tye Oeiamne cio Poe 0.0425 
Propane and heavier.............. 0.0T61 
1.0000 


, 


NATURAL GASOLINE 


Mol Fraction 


Component 
Lot 1 Lot 2 
Normal butane scjosicc aes schist 0.0813 | 0.1134 
Tsopentames (ace. c cn 6 coms sieeec 0.1285 | 0.1353 
Normal pentane. 6.060060 ee sive 0.2695 | 0.2478 
Tsohexanes oc Ses e de gistesewiec cs 0.0712 | 0.1169 
Normal hexane’. sccm. acre 6 Cor 0.2095 | 0.1274 
Heptanes and heavier........... 0.2400 | 0.2622 


: I.0000 | I.0000 
Molecular weight of heptanes and 
BEANIE v.25 ccc.cie rae wien siwiere = 


107.4 106.8 


Boiling | Specific | Molecu- 
— Range, Gravity lar = oe 
; Deg. F. | 60/60 | Weight | *°* ~©? 
I 86-252 0.7035 94 12.5 
2 252-377 0.7753 127 12.5 
3 377-506 0.8173 176 12.5 
4 506-615 0.8506 225 12.5 
5 615-720 0.8865 277 121.5 
= ee Ay 720-800 0.9232 375 Ta G 
7 800+ 0.995 730 25.0 


TABLE 2.—Properties of the Equilibrium 


Series 
Dee eee 
Natural Average 
. Crude 
Gasoline - * Gas-crude 
Series oe Peet in Crude, EAS Ratio, 
eg. t+ | Volume APTI Cu. Ft. 
Per Cent aay per Bbl 
A 120 50 49.9 7,088 
B 250 50 49.9 7,480 
Cc 120 50 49.9 3,575 
D 120 75 62.0 7,280 
E 120 25 40.9 7,270 
F 250 50 49.9 3,680 
G 35 50 49.9 3,700 
H 49 50 49.9 3,675 


Average gas-crude ratio of series A, B, D and E, 


180. 7 
: Average gas-crude ratio of series C, F, G and H, 


3660. 
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From the analyses presented in Table 1 
and the data of Table 2 the eight series of 
runs may be further divided according to 
composition. Table 3 presents the com- 
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the coexisting vapors and liquids for the 
several systems investigated was as follows. 
In essence, the method was: (1) to prepare 
the system by the addition of predetermined 


TABLE 3.—Composition of Systems Investigated 


a eas RSS oS STE S Spree Sf ey 


Mol Fraction 
Ccepen ew 49.9° A.P.I. 9.9° A.P.I. 62.0° A.P.I. 40.9° A.P.I. 
Crude, 7180 tude, 3660 Crude, 7180 Crude, 7180 
Cu. Ft. per Bbl.| Cu. Ft. per Bbl.| Cu. Ft. per Bbl.| Cu. Ft. per Bbl. 
INGEBO BEMIS cree cree creve lecerene tetetel at edereee veers 0.0038 0.0035 0.0037 0.0039 
Carbonsdioxides cy ses atpn ve on eeyecice 0.0046 0.0042 0.0045 0.0047 
Metharie'’s.. :siivecsreus taste etelecs cal teevnate slates te 0.8307 0.7551 0.8166 0.8456 
thane ya) siecse acu lees Gheters ciaaeremetes 0.0381 0.0346 0.0375 0.0389 
Propane 3 crerersts Me ati ctaraitheramtaiene sieimtarne 0.0163 0.0148 0.0160 0.0166 
Batavies ahy cox ocitacinis ethene ie loiae 0.0124 0.0162 0.0149 0.0099 
Pentanes yc. Jecic%ers ereiaisvareeeparevel spouse levers 0.0287 0.0522 0.0407 0.0162 
Hexanesi% ico vis.k aie cpa eisiop eee vane ame 0.0220 0.0396 0.0293 0.0140 
Heptanes;and heavieraus cue 0.0434 0.0798 0.0368 0.0502 
1.0000 IT.0000 I.0000 I.0000 
Heptanes and heavier: 
Molecular weight......-..-....:.. 199 199 0 228 
SDECIAC I ETAVICY, sesmcielenesiamiee eee 0.8508 % oq 0.850% %q 0.8075% > 0.8655%o 


TABLE 4.—Densities of Equilibrium Phases 


Equilibrium Conditions Vapor Phase Liquid Phase 
RamNo: Weight of Weight of 
Prien: Temper- Material | Mercury Density, Material | Mercury | Density, 
Sq. In ature, from Pyc- | with Sam-| Grams per| from Pyc- | with Sam- | Grams per 
ane Deg. F. nometer, | ple, Grams OF nometer, | ple, Grams C.c. 
Grams Grams 
SIS aee hee shag I,000 I20 4.204 0.102 0.056 I94.00 iy 0.726 
A-4 and 41 I,600 120 2.34 None 0.007 7768 oO. einen 
ree we See 120 §.45 None 0.224 18.05 oO. 0.696 
e Baye 120 -30 0.05 0.340 19.15 °. 0.745 
3 iB eget eae s a3 120 9.85 0.05 0.404 21.90 I. 0.814 
Bs DP is Foe cate 1,680 250 2.20 None 0.0901 Sample lost 
pe Sin ee 2,915 250 Bes None 0.154 oO. 0.607 
e Dee 3st ,200 250 Samples lost 
ee eh Mae 5 aos Neae Sere 0. 065s 
a and 31 51330 120 10. 13 0.34 aoe o pe 
SETA Oe iWcin 3,185 250 4.67 None 0.192 oO. 0.654 
ee rk ale aso, Beet ieee ante ee - ae 
as : 5530 ? “47 None 0.349 Oo. 0.677 
a. a ake = ek: “s 03 0.176 2° 0.665 
ae res af 238 ene 0.383 Oo. 0.679 
H eee : one 0.463 Te 0.766 
i rks eo 3-53 0.13 0.140 Le 0.682 
i yee a 33 0-53 0.206 oO. 0.6590 
D 4,330 120 8.05 0.10 Bates 7 Bes 
E- 4,195 120 6.55 0.21 0.261 }. 0.753 


« Weights f6r three pycnometers of gas. 


puted compositions of the four systems 
investigated. 


EXPERIMENTAL TECHNIQUE 


The experimental technique employed in 
obtaining the densities and compositions of 


amounts of crude and-natural gas to the 
equilibrium cell; (2) to obtain equilibrium 
between the vapor and liquid phases that 
were formed and withdraw a sample of each 
phase; and (3) to fractionate each sample 
into the individual components down to 
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TABLE 5.—Phase-equilibrium Determinations 
i es ee 


A-5 A-4 and 41 A-r A-2 and 21 
1000 Lb. per Sa. In. 1600 Lb. per Sq. In. | 3185 Lb. per Sq. In. | 5270 Lb. per Sq. In. 
Abs., 120°F. Abs., 120°F. Abs., 120°F, Abs., 120°F. 
Component <5 ea x 
Pp Composition Composition Composition Composition 
Mol Fraction ee Mol Fraction ea Mol Fraction ae Mol Fraction] Exp. 
Vapor | Liquid y/x Vapor | Liquid y/X Vapor | Liquid a /% Vapor | Liquid o/% 
oo arte es 0.9194 |0.2225| 4.12 0. 9159/0. 2065 3.09 |0.8855)0.4385| 2.02 |0.8588)0.5558) 1.54 
PtRAne . saiaies isis 0.0354 |0.0364) 0.97 |0.0340/0.0472| 0.72 |0.0370/0.0526| 0.703|0.0355|0.0369| 0.97 
Propane... onc 6... 0.0122 |0.0223) 0.547/0.0106/0.0273 0.388)p.0120 0.0251} 0.479/0.0159|0.0197| 0.81 
Batiness........ 0.0082 |0.0182| 0.450/0.0073|0.0380] 0.192/0.0042/0.0130| 0.323/0.0086/0.0151 0.570 
Pentanes. 2 oc... 0.0092 0.0120/0.1382) 0.093/0.0171/0.0709) 0.242/0.0262|0.0502| 0.522 
Hexanes......... 0.0066 0.7006 0.0069/0. 1060} 0.065/0.0139/0.0813| 0.171/0.0150\0.0463| 0.324 
"3 aire and ; 
CAVIER. tax. <,. . oO. - 3468 0.0400)0. 2760 


A-3 B-1 D-1 E-1 
8220 Lb. per Sq. In. | 2920 Lb. per Sq. In. | 4330 Lb. per Sq. In. | 4195 Lb. per Sq. In. 
Abs., 120°F. Abs., 250°F. Abs., 120°F. - bs., 120°F. 
patoponent Composition Composition Composition Composition 
Mol Fraction a Mol Fraction es Mol Fraction Pa Mol Fraction re: 
Vapor |Liquid) ~ [x Vapor | Liquid o/% Vapor|Liquid| /% Vapor | Liquid 9/% 
Methane......... 0.8439 |0.6076) 1.39 |0.8573)/0.4158) 2.10 |0.8340/0.5260) 1.58 |o.8918)0.5178) 1.72 
PSGRENE Jos kw wiv 0.0386 |0.0427) 0.90 |0.0372/0.0333) I.1II |0.0372/0.0357| 1.04 |0.0367/0.0392) 0.94 
Propane... .66.< O.OI5I |0.0175| 0.865/0.0147/0.0176| 0.83 |o.0141/0.0181} 0.78 |0.0146]0.0205] 0.712 
IGT ANES So 5 o.0.0'0 v0 0.0118 |0.0142| oO 830/0 O110|0.0228] 0.483/0.0116/0.0202| 0.575/0.0095|0.0190| 0.500 
errbariet So... 0.0261 (0.0359) 0.728/0.0183/0.0574| 0.320/0.0394/0.0650] 0.605/0.0110|0.0308] 0.357 
Hexanes cs: 0s... 0.0201 (0.0256) 0.782/0.0167\/0.0657| 0.255/0.0262/0.0790| 0.332/0.0123/0.0415| 0.296 
Heptanes and 
Heavier....... 0.0444 |0.2565| 0.173 0.0268/0.3874 0.069/0.0375 0.0256] 0.147|0.0241\0.3312| 0.073 
C-2 and 21 C-1 C-3 and 31 C-2 
toro Lb. per Sq. In. 2880 Lb. per Sq. In. | 5330 Lb. per Sq. In. | 3485 Lb. per Sq. In. 
Abs., 120°F. Abs., 120°F. Abs., 120°F. Abs., 35°F. 
Component Composition Composition Composition Composition 
Mol Fraction ge Mol Fraction i Mol Fraction pas Mol Fraction pe 
Vapor |Liquid) ~ /x Vapor | Liquid y/% Vapor|Liquid| /x Vapor | Liquid y/x : 
Methane........ 0.9340 |0.2234)4.18 |0.8892/0.4850} 1.83 |0.7986/0.5641| 1.42 |0.8221/0.5700] 1.44 
PARDANGS. 0 sde 5% 0.0346 |0.0313/1.10 |0.0356/0.0415| 0.86 |0.0346/0.0351| 0.98 |0.0326/0.0339] 0.96 
PPOVANEs.5 5 oss © 0.0098 |0.0188/0.520 |0.0103|0.0166| 0.620/0.0128/0.0137| 0.92 |0.0093/0.0117| 0.79 
Brtates 1 oC. 3+ 0.0042 |0.0225|0.187 |0.0079/0.0222| 0.356/0.0212/0.0244| 0.86 |0.0191 0.0326] 0.585 
Pentanes.s.... <5. 0.0107 |0.1540/0.0695|/0.0244|0.0884| 0.276/0.0448/0.0573)| 0. 78 |0.0470|0.0890] 0.528 
MeEXaANES.o. seve 0.0046 |0.1300\0.0354/0.0146/0.0871| 0.168/0.0307/0.0434] 0.70 0.0265/0.0628] 0.422 


.005 |0.0180|0.2592| 0.069/0.0573)0. 2620] 0.218/0.0434/0.2000] 0.217 


eeesces -002T 


<< rie Sit reeset Three 
Lb. a Mths 185 Lb. per Sq. In. | 4310 Lb. per Sq. In. | 5530 Lb. per Sq. In. 
agro TD. Peet , y tite. aco" Abs., 250°F. Abs., 250°F. 
Component Composition Composition Composition Composition 


Mol Fraction pres Mol Fraction oer Mol Fraction bes Mol Fraction Pre 


Vapor |Liquid| 2/*|Vapor|Liquid] 2/*|Vapor|Liquid| %/*|Vapor|Liquid| /* 

eit tes Cac 0.7818 |0.57 1.35 |0.8439|0.4470| 1.89 |0.8054/0.5124) I.57 0.7850/0.5766| 1.36 
finne. ee nate vets 0.96 |0.0402|/0.0336] 1.20 |0.0387)0.0395 0.98 |0.0432/0.0397| 1.09 
Propane. ....2.- 0.0126 |0.0146| 0.86 |0.0106|0.0161| 0.6580. 0117 0.0146] 0.80 |0.0131|0.0150] 0.87 
Butanes........-- 0.0220 |0.0274| 0.80 |0.0172|0.0331 0.520/0.0196|0.0300| 0.654/0.0200|0.0260} 0.77 
Pentanes........ 0.0502 |0.0705| 0.71 |0.0277/0.0884) 0.314/0.0454/0.0790 0.561|0.0486|0.0650| 0.75 
Hexaness.cucew ox 0.0339 |0.0518| 0.655|/0.0110|0.0318) 0.346/0.0271 0.0655] 0.414/0.0313|0.0407| 0.77 
He ee 0.0631 |0.2182| 0.289/0.0494/0.3500] 0.141/0.0521/0.2590] 0.201 0.0588/0.2370| 0.248 
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heptanes and to determine the properties 
of the heptanes-and-heavier residue. 


Sample Preparation 
Initially the cell was pressured with the 
natural gas and the quantity computed 


TABLE 6.—Molecular Weights and Specific 
Gravities of Heptanes-and-heavier Fractions 


Vapor Phase | Liquid Phase 
Run No. 

Mol. | PResb stat: | See 

Wt. 60/60 Wt. 60/60 
TASC es Ady PaCSAININCIERRLA T10% |0.742%| 162° 
AAMC! ATi asteie.spevelesiel I10? |0.7422| 196 0.850 
YN GPRM) ART OCRRE NO PIONS 127 |0.775 |" 240 0.863 
Asad ANG Ale ce reek I3I |0.788 | 279 0.904 
Bag odor ett a ateiaanre 144 |0.802 | 356 0.954 
1 Siete h wocne sho no oe I15% |0.753%| 231 0.870 
(Cn 2 ‘amills eisai ore 100% |0.725%| 186 0,836 
SEN: seus vitiecs eaten ecicestioni 113. 0.750 | 186 0.844 
Cas AMG ST.  senesere sens I5I |0.800 | 240 0.881 
Fale Adu ooigpiadernate 130 |0.768 | 216 0.862 
Red rs ctape ck Gale nos teaetet 139 |0.791 | 256 0.888 
hc: Soper en MCNPRER > Geta ciene 157 |0.808 | 290 0.912 
(Ce ee ain fe OT act 128 |0.765 | 205 0.863 
Giaers een ives etree sie atest 145 |0.792 | 315 0.903 
Daisies evsin stuter piaeterane 123 |0.788 | 268 0.893 
Pedi scsvegatsyetsvarsieastousve eke T30 10..775°) 242 0.877 


* Estimated. — 
+ Molecular weight for pentanes plus. 


from the pressure-temperature-volume re- 
lationships of the dry gas. A volume of 
liquid crude necessary to yield the desired 
gas-crude ratio was then forced into the 
equilibrium cell by displacing it from the 
surge cell with mercury. By watching 
the action of the pressure gauges, the point 
at which mercury entered the spiral leading 
to the equilibrium cell could be determined. 
Owing to the formation of an emulsion be- 
tween mercury and the crude oil while 
agitating, an effort was made to keep at a 
minimum the mercury entering the equilib- 
rium cell in the process of preparing the 
sample. 

Before the equilibrium cell was filled with 
the natural gas, the two pycnometers were 
filled with mercury and placed in position 
within the constant-temperature bath. The 
lines for sampling vapor and liquid, between 
the pycnometers and the equilibrium cell, 
were then filled with mercury by pumping 


a small amount through each pycnometer 
in turn. 


Obtaining Equilibrium and Sampling 


With the required natural gas and-crude 
in the cell, the cell was oscillated at con- 


TABLE 7.—Computed Liquid Volumes 


Den- | Den- 

Pace: Lace Matt, eo Vol- 
Run , ~ | rialin |Liquid,}Vapor, 
No. on es De Cell, |Grams|Grams Per 

Abs. | BP. [Gr®ms, per | Pes iniguid 
A-5 I,000 I20 66.7] 0.726/0.0564| 3.0 
-A-41 | 1,600 120 | I13.9| 0.702|/0.0907 9.3 
A-I 3,185 120 | 220.7| 0.696/0.224 | 15.6 
A-2 5,270 120 | 315.3| 0.745|/0.340 | 21.0 
A-3 8,220 120 | 357-3] 0.814)0.404 | 19.1 
B-1 2,015 250 | 149.3] 0.697/0.154 8.7 
C-2 1,010 120 94.9] 0.716)/0.056 | I1r.2 
C-1 2,880 I20 | 261.4) 0.652/0.203 | 33.0 
C-31 | 5,330 I20 | 354.2] 0.712/0.400 | 25.0 
F-1 3,185 250 | 219.5] 0.654/0.192 | 22.6 
F-2 4,315 250 | 270.1] 0.657\0.277 |) 22.8 
F-3 | 5,530 | 250 | 207.3] 0.677/0.349 | 19.0 
G-1 2,030 35 | 254.6] 0.665/0.176 | 34.2 
G-2 | 3,485 35 | 347-5| 0.679/0.383 | 29.0 
G-3 | 4,970 35 | 372.8) 0.766/0.463 | 13.32 
H-2 1,815 49 | 218.5] 0.682/0.140 | 28.5 
H-3) =|'3,055 49 | 330.3) 0.659/0.206 | 41.0 
H-4 | 5,150 49 | 369.5] 0.752/0.473 8.9 
D-1 4,330 120 | 249.7| 0.731|0.327 2.4 
E-1 4,195 120 | 259.0] 0.753/0.261 | 18.0 


@ Evidence of third phase separation. 


stant temperature for a sufficient length of 
time to ensure equilibrium. It is of interest 
to note that if the crude oil was introduced 
into the bottom of the cell in as quiescent a 
manner as possible and the oscillations 
started, the decrease in the cell pressute 
due to the mutual solution of the gas and 
crude oil was as high as 1000 Ib. per sq. in. 
for the first oscillation, but after about six 
oscillations no further decrease in pressure 
could be detected on the pressure gauge. 
This was good evidence that equilibrium 
was obtained very rapidly and that con- 
tinued oscillations for 45 min. at constant 
temperature gave the required equilibrium 
between the two phases in the cell. 

At the conclusion of ‘the oscillatory 
period, the equilibrium cell was allowed to 
remain in a vertical position for 15 min., to 
allow the phases to separate. 

Samples of the equilibrium liquid and 
vapor phases were in turn transferred to the 
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pycnometers at constant pressure by 
mercury displacement. The pycnometers 
were then sealed, removed from the con- 
stant-temperature bath and weighed. 


6 000 
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The density of the heptanes-and-heavier 
fraction was determined by the use of small 
glass pycnometers and the value obtained 
corrected to 60°F. The molecular weight 


LBS./S5Q.1IN.ABS. 
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Fic, 4.— VARIATION OF LIQUID VOLUME WITH CELL PRESSURE. 


Fractional Analyses of Samples 


The fractionating of the equilibrium 
vapor and liquid samples into their separate 
components was carried out in a two-column 
apparatus. The contents of the pycnom- 
eters were discharged into a small topping 
column, from which the components lighter 
than heptane could be distilled into a low- 
temperature column for fractionation into 
the individual components. The residue 
from the topping column and any material 
boiling above hexanes remaining in the 
low-temperature column were combined as 
““heptanes and heavier.” 


was determined by the cryoscopic method, 
using water-saturated benzene as_ the 
solvent. 

Before any sample was removed from the 
steel pycnometers, they were again weighed, 
and the weight was checked with that ob- 
tained immediately after they were removed 
from the constant-temperature bath. In 
only one instance was a difference greater 
than 0.05 grams apparent, and that sample 
was discarded. By weighing the pycnom- 
eters after the fluids had been discharged 
into the fractionating columns, the densi- 
ties of the equilibrium phases could be 
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determined. This procedure also afforded a 
check on the fractionation results. 
RESULTS 


Of the 22 equilibrium mixtures pre- 
pared, 16 were completely investigated as 
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tanes-and-heavier fractions. Where the 
amount of sample was insufficient to deter- 
mine these properties experimentally, esti- 
mated values are shown. 

In addition to the densities of the co- 
existing phases, the total weight and 
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previously outlined; four mixtures were 
investigated only for the phase-density 
relationships, while the remaining mixtures 
were lost before complete data could be 
obtained. 

The densities of the equilibrium liquid 
and vapor phases as determined from the 
pycnometer weighings are presented in 
Table 4. These data are shown graphically 
in Figs. 2 and 3. 

Table 5 gives the composition of the two 
phases and the computed equilibrium con- 
stant K. - 

In Table 6 are tabulated the molecular 
weights and specific gravities of the hep- 


volume of the hydrocarbon material com- 
posing the system were known at each 
equilibrium condition. The volume of the 
liquid phase, therefore, could be computed 
by means of the following weight balance: 


diV1 aa deVa = W [2] 


where 
dz, dg are densities of the liquid and gas 
phases respectively, 
V1, Vo are the volumes of the liquid and 
gas phases, respectively, 
W is the weight of material in the 
cell. 
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If V, is the volume occupied by the system, 
Eq. 2 may be solved for Vz as follows: 


drVi + de(Vs — Vt) = W [3] 
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temperatures studied were above the critical 
temperature of that particular system. 
Needless to say, mixtures having higher 
gas-oil ratios at the same temperatures 
would be even further removed from their 
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Table 7 presents the computed liquid- 
phase volumes of the experimental equilib- 
rium runs. 

Fig. 4 shows the variation of the volume 
of the liquid phase with pressure for the 
system prepared from the 409.9° A.P.I. 
crude and natural gas in the ratio of 
3660 cu. ft. per bbl. In addition to the 
calculated percentage of liquids listed in 
Table 7, points have been calculated from 
the smoothed curves of Fig. 2 and smoothed 
curves of W vs. pressure. Since all of the 
isotherms exhibit a point of maximum per- 
centage of liquid, it is evident that the 


Since the crude oil used in these experi- 
ments contained material having very high 
boiling points and molecular weights, it was 
impossible to cause complete transfer of the 
material in the liquid phase to the vapor 
phase by the mechanism of increasing the 
pressure on the system. For this reason the 
location of the dew-point line involves 
considerable uncertainty and the usual 
procedure of extrapolating the isotherms of 
percentage of liquid vs. pressure of Fig. 4 
to zero per cent liquid could result in large 
errors. 
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A partial phase diagram for the system 
3660 cu. ft. per bbl., obtained by cross- 
plotting the curves of Fig. 4, is presented in 
Fig. 5. From the behavior of the quality 
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plots of log K vs. log pressure for the sys- 
tems investigated. 

Fig. 6 shows the variation of the equilib- 
rium constant A with pressure for the 
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lines, the critical temperature of the system 
is believed to be considerably less than 
oF. 

The composition of the coexisting vapor 
and liquid phases and the computed 
equilibrium constants have been presented 
in Table 5. As a first method of smoothing 
the equilibrium-constant data, the loga- 
rithm of the equilibrium constant was 
plotted against the atmospheric boiling 
point of the component. A smooth curve 
was then drawn to best represent the data 
of each run. From these smoothed curves, 
values were used to construct isothermal 


crude system 7180 cu. ft. per bbl. and 49.9° 
A.P.1., while Figs. 7 and 8 present similar 
data for the 3660 cu. ft. per bbl. system. 
The data of Katz and Hachmuth have been 
plotted on these curves for comparison. 

A comparison of Figs. 6 and 7 shows that 
at pressures above 1000 lb. per sq. in. the 
effect of the composition of the system upon 
the equilibrium constant-pressure relation- 
ships becomes very important. The equilib- 
rium constants of ethane, propane, and 
butanes in the system 7180 cu. ft. per bbl. 
are less than those of the determinations 
for Oklahoma City crude,® which in turn 
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are less than the constants in the 3660 cu. ft. 
per bbl. system. At the higher pressures the 
constants of the components other than the 
heptanes and heavier approached unity 


&B A DANBCES 
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The reason for the particular shape of the 
heptanes-and-heavier curves is explained by 
the data of Table 6. An increase of pressure 
on any particular system caused an increase 
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with a point of inflection at approximately 
3000 lb. per sq. inch. 

Of special interest and importance to 
equilibrium calculations in the retrograde 
region is the behavior of the heptanes-and- 
heavier constant. This constant is the 
controlling factor in computing dew-point 
pressures and in computing the amount of 
liquid present in a system that is near its 
dew point. As shown by the curves of Figs. 
6, 7 and 8, the equilibrium constant of the 
heptanes-and-heavier fraction does not 
necessarily approach unity in the same 
manner as the other components. 


in the molecular weight and specific gravity 
of the heptanes-and-heavier fraction in 
both the vapor and liquid phases. The 
resultant curve, therefore, represents the 
equilibrium of a series of heptanes-and- 
heavier fractions whose volatility decreases 
with increasing pressure. 


SUMMARY 


Data upon the composition and densities 
of coexisting vapor and liquid phases have 
been obtained for four different systems of 
natural gas and crude oil of constant com- 
position over a range of pressuresfrom 1000 
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to 8220 lb. per sq. in. and temperatures 
from 35° to 250°F. A study of these data 
shows that: 

1. The system of crude oil and natural 
gas having a gas-oil ratio 3660 cu. ft. per 
bbl. has a critical temperature less than 
aoe. 

2. In the retrograde region, the density 
of the equilibrium liquid phase passes 
through a minimum value with increasing 


* pressure. 


3. The over-all composition of the system 
has a marked effect upon the values of 
the equilibrium constants at pressures 
above tooo Ib. per sq. inch. 

4. For the constant-composition systems 
studied, the equilibrium constants of the 
components other than methane and 
heptanes-and-heavier, when plotted against 
pressure, trend to converge to K = 1 ata 
decreasing rate. 

5. In the retrograde region, the behavior 
of the heptanes-and-heavier equilibrium 
constant with pressure differs from that of 
the pure components in the system, because 
of the decrease in volatility of the heptanes- 


and-heavier fraction in both the vapor and 
liquid phases with increase in pressure on 
the system. 
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Viscosity of Natural Gases 


By Leo B. BicHEr, Jr.* AND Donatp L. Katz,t Memper A.I.M.E. 
(New York Meeting, February 1943) 


ABSTRACT 


A CORRELATION is presented for predicting 
the viscosities of light paraffin hydrocarbon 
mixtures such as natural gases for tempera- 
tures from 0° to 4oo°F. and for pressures from 
atmospheric to 10,000 Jb. per sq. in. The 
correlation is based on the viscosity data for 
the methane-propane system and requires only 
a knowledge of the molecular weight of the 
natural gas. The viscosities of natural gases 
reported in the literature up to 2500 lb. were 
reproduced by the correlation with an average 
deviation of 5.8 per cent. 


INTRODUCTION 


The viscosity of a natural gas is required 
whenever calculations are made of the pres- 
sure drop that occurs while the gas flows 
through pipes or porous media. Methods 
of predicting the viscosities of gases at the 
present operating pressures are not avail- 
able. This paper presents a simple method 
of predicting the viscosity of a natural gas 
in the single-phase region from its molecu- 
lar weight, temperature, and pressure. 


VISCOSITY OF 
METHANE-PROPANE MIXTURES 


The viscosity of methane, propane, and 
four of their binary mixtures, 20, 40, 60, and 
80 mol per cent, have been determined for 
pressures from 400 to 5000 lb. per sq. in. 
and temperatures from 77° to 437°F., with 
an experimental accuracy of 3.2 per cent.? 
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Institute,Dec. 12, 1942. Issued as T.P. 1599 in 
PETROLEUM TECHNOLOGY, July 1043. 

* University of Michigan. 

t Associate Professor of Chemical Engineer- 


ing, University of Michigan. 
* References are at the end of the paper. 


2 


46 


The apparatus used in the investigation 
was a modification of that employed in 
previous studies*!4 on the viscosity of 
normal paraffin hydrocarbons. It consists 
of a viscosimeter of the rolling-ball, 
inclined-tube type,®*7 with auxiliary equip- 
ment for making up and charging binary 
mixtures into the viscosimeter.2 The 
viscosity data on the methane-propane 
mixtures have been plotted as a function 
of molecular weight with lines of constant 
pressure, charts of constant temperature in 
Figs. 1 to 3. These charts are extrapolated 
at temperatures below 77°F. and at pres- 
sures above 5000 lb. per sq. inch. 


PREDICTION OF VISCOSITY FROM 
MOLECULAR WEIGHT OF A NATURAL GAS 


At atmospheric pressure the viscosity of 
light hydrocarbon gases increased with 
increased temperature, contrary to the 
change of viscosity of liquids with tem- 
perature. The atmospheric viscosities of 
the normal paraffin hydrocarbons have 
been determined by several investiga- 
tors®:4,9.10,12,16.16.17,19 and are plotted in 
Fig. 4 as a function of molecular weight, 
with extrapolation to 896°F. and to 220 
molecular weight. Data for isopentane 
and normal pentane show less than 2 per 
cent difference in viscosity, indicating that 
Fig. 4 can be used for isomeric paraffin 
hydrocarbons with an accuracy of approxi- 
mately 2 per cent. Trautz and Sorg!’ 
determined the atmospheric viscosities of 
methane-propane mixtures and showed 
that they are proportional to the molecular 
weight. The viscosities of these mixtures 
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calculated from Fig. 4 represent the experi- 
mental data with an average deviation of 
0.44 per cent, as tabulated in Table 1, 
indicating that Fig. 4 can be used for 


3-5 per cent, comparable with their experi- 
mental accuracy, for gases containing less 
than 7 per cent of nitrogen. For gases con- 
taining higher percentages of nitrogen, 
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Fic. 1.—CHART FOR PREDICTING VISCOSITIES OF NATURAL GASES FROM DATA FOR METHANE- 
PROPANE MIXTURES. 


obtaining the atmospheric viscosities of 
light paraffin hydrocarbon mixtures such 
as natural gases. Berwald and Johnson! 
determined the atmospheric viscosities of 
natural gases containing various amounts 
of nitrogen. Their data are represented by 
Fig. 4 with an average deviation of about 


a molecular average of the viscosity for 
nitrogen-free gas as read from Fig. 4 and 
for pure nitrogen gave satisfactory agree- 
ment with the experimental data. 

Since the viscosity of light paraffin 
hydrocarbon mixtures is a function of 
molecular weight at atmospheric pressure, 
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it might be expected that the same relation- 
ship would hold for higher pressures. 
To test the applicability of Figs. 1 to 3 
for predicting the viscosities under pres- 
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the experimental accuracy of “approxi- 
mately 5 per cent” reported by Sage and 
Lacey.* 

The two-phase region indicated in Figs. 
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sure of light hydrocarbon mixtures such as 
natural gases from the molecular weights 
or gravities of the gases, a comparison is 
made between the predicted viscosities and 
the experimental values reported for 
natural gases in Table 1. The predicted 
viscosities compare with the reported 
values with an average deviation of 5.8 
per cent. This accuracy is comparable with 


1 to 3 is the two-phase region for the 
methane-propane system. It is known 


_ that the two-phase region is a function of 


the concentration of the constituents in the 
gas as well as of the molecular weight. For 
this reason, and because the physical prop- 
erties of fluids are known to change rapidly 
near the critical region, Figs. 1 to 3 should 
not be used for predicting the viscosity of a 


\ 


* 
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gas near its critical region, or at a tempera- 
ture and pressure where two phases exist. 

The methane-propane data may be cor- 
related on the basis of molecular weight, 
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the neighborhood of the two-phase region, 
it does not reproduce the data on natural 
gases any more closely than the simple 
molecular-weight plots. 
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pseudocritical temperature, and pseudo- 
critical pressure.? The prediction of the 
viscosity of a natural gas by this relation- 
ship requires the analysis of the gas from 
which the pseudocriticals may be computed. 
Although this correlation based on pseudo- 
critical temperature and pressure has 
advantages for predicting viscosities of 
miscellaneous hydrocarbons, especially in 


EXAMPLE CALCULATION 


For purposes of illustration, the viscosity 
of the lean natural gas reported by Sage 
and Lacey!* will be calculated from its 
molecular weight, at 160°F. and 2500 lb. 
per sq. in. In this case, the analysis is given 
but a measured gas gravity (air = 1.0) 
would have been sufficient. 
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TaBLE 1.—Comparison of Calculated Viscosities with Reported Values 


Viscosity, 
Molec- Pres- Micropoises Pores 
F eo 
Gases Investigated Wo paper a aa 
aus Calcd. Exptl. 
Trautz and Sorg!? ae 88 Segs 
i : pa -9 Oo. 
CHa-CsEle: mixture ce cies bieeioerens B nok Besar were: 
an 122.2 123*¢6))) —f:a3 
a | 143.5 T44.% | —0.42 
<7 ee poe +0.07 
i 4 2.0 2.1 | —0.12 
CHa @zEle mixtiire seri ites ete ieit ata a ae bk ea 
a) The ty | 115.3 | —0.52 
7 T5e2 £3 5esule 20 aes 
a 144.6 144.3 ps 
i , 8 Tos 0.39 
CEH ECZHs mixture. rie eee 2 es a ae 
a 109.8 I0o9.2 | +0.55 
ay 129.8 129.0 | +0.62 
a 139.2 138.5 +0.52 
Sage and Lacey® 
122 133 — 8.3 
ean natural @asecceieis ate otteteteete a = =e 
214 219 — 2.3 
129 136 — 5.2 
161 172 — 6.4 
205 200 + 2.0 
133 145 = 48-3 
160 174 — 8.1 
192 192 + “0-0: 
Rich naturalleaser wie oeredsds uit setae 146 150 — 2.6 
174 170 + 2.4 
203 IOI + 6.3 
144 146 = 554 
166 157 Ae maHL 
183 169 + 8.3 
Berwald and Johnson! 
Naturall passNiow2 eerie eee 98.4 2 60 103.2 108 103 + 4.9 
304.6 II3 103 + 9.7 
499.8 118 103 +14.6 


Calculated average molec- 
ular weight 
Viscosity at 100°F., 2500 lb. 
per sq. in. = 214 micropoises 
(from Fig. 2) 


20.42 


Viscosity at 200°F., 2500 lb. 
per sq. in. 


ll 


192 micropoises 
(from Fig. 2) 


Assuming straight-line interpolation be- 
tween the temperature plots, the viscosity 
of the lean natural gas at 160°F. and 2500 lb. 
per sq. in. is 


160 — 100 


274 ~ 300 — x00 (274 — 192) 


= 200.8 micropoises 


The corresponding experimental value re- 
ported by Sage and Lacey is 200 micropoises. 
If the viscosity is changing rapidly with 
temperature, the viscosities at any given 


pressure and molecular weight could be 
plotted as a function of temperature, as a 
means of interpolation. 


TABLE 2.—The Viscosity of Nitrogen 


Temperature, Deg. F. 


Pressure, 
Lb. per 
Sq. In 60 100 200 300 
Abs. 25 
Viscosity, Micropoises 
14.7 156 172 182 206 227 
500 163 179 188 213 234 
1,000 176 188 196 217 238 
2,000 203 208 213 229 247 
3,000 234 234 234 242 256 
4,000 259 257 257 261 268 
6,000 328 315 308 299 205 
8,000 373 358 337 323 
10,000 433 405 EW 351 


GASES CONTAINING NITROGEN 


Figs. 1, 2 and 3 are based on methane- 
propane mixtures without the presence of 
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nonparaffin hydrocarbons. Although the 
relationships presented may apply for un- 
saturated hydrocarbons, the viscosity of 
gases. containing more than about 5 per 
cent nitrogen should not be obtained by 
using Figs. 1 to 3 directly. Since at atmos- 
pheric pressure the molal average viscosity 
of nitrogen and the nitrogen-free hydro- 
carbon gas reproduces the experimental 
value, a similar procedure for gases under 
pressure should be the best approximation 
now available. Table 2 presents viscosity 
values for nitrogen interpolated and extra- 
polated from literature!!9 data at 25°, 50°, 
and 75°C. for pressures to 10,000 pounds, 
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Selective Adsorption of Hydrocarbon and Water Vapor 
on Alumina at Atmospheric Pressure 


By CuEeN Cuun Ku,* R. L. Huntincronf anp L. S. Rem,{ Mrempers A-I.M.E. 
(Dallas Meeting, May 1943) 


ABSTRACT 


THE simultaneous adsorption of water and 
hydrocarbon vapor from natural gas by three 
grades of alumina has been studied at atmos- 
pheric pressure and temperature. Results of 
this investigation reveal that the presence of 
water vapor in the gas inhibits the adsorption 
of hydrocarbon vapor, although the presence 
of the latter does not have a pronounced effect 
upon the adsorption of water vapor. Adsorp- 
tion of water-hydrocarbon mixtures from gas is 
divided into three phases. In the first, both 
water and hydrocarbon vapor are adsorbed; 
in the second, adsorption of water vapor pro- 
ceeds while desorption of hydrocarbon takes 
place; in the third phase, the adsorbent ap- 
proaches complete saturation with respect to 
both water and hydrocarbon vapors. Both 
theory and experimental data can be applied 
to design and operation of commercial dehy- 
dration plants, and an illustration is presented. 


INTRODUCTION 


Dehydration of natural gas becomes 
increasingly important as the operating 
pressures employed in gas processing and 
transmission are increased above 500 lb. 
per sq. in. Gas produced from high-pressure 
wells is saturated with water vapor when 
it leaves the reservoir and it continues 
into the processing plant or transmission 
system in a saturated condition because 
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of the substantial decrease in temperature 
due to expansion at the wellhead. Usually 
this gas is accompanied by liquid water and 
hydrocarbons that have condensed with 
the change in temperature and pressure. 

Without dehydration, gas temperatures 
must be held at relatively high levels to 
prevent solidification of gas hydrates. 
According to Hammerschmidt’s data® on 
the relationship of pressure to the freezing 
point of natural-gas hydrates, the minimum 
safe operating temperatures range from 
55° to 90°F. for pressures ranging from 
500 to 3000 lb. per sq. in., respectively. 
Often it is difficult to maintain gas tem- 
peratures above the hydrate-freezing tem- 
perature because of climatic conditions, 
unless flow-line heaters are installed. Also, 
in processing gas for its gasoline content 
at high pressures, it is desirable to employ 
operating temperatures lower than the 
hydrate-freezing point. In distributing 
high-pressure gas, the large pressure drop 
from line pressure to town-gate pressure 
often produces sufficient cooling to freeze ~ 
the regulators and disrupt consumer 
service. Therefore, it is highly essential 
to dehydrate high-pressure natural gas 
if smooth and economical operation is to 
be maintained at all times. 

Few published data are available on the 
simultaneous adsorption of water and 
hydrocarbon vapors. The literature con- 
tains many mathematical expressions for 
rate of adsorption in various systems but a 
rational correlation of the existing rate 


8 References are at the end of the paper. 
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data is not possible because of the inherent 
complexities of the problem. Great com- 
plication arises from the variety of 


mechanisms that may control the rate of 


adsorption and, because of the complex 
nature of the adsorption mechanism, no 
universally acceptable adsorption theory is 
possible. The various isotherma] equations 
derived by Freundlich,* Langmuir,® Ubbe- 
lohde!? and Glasstone’ have been of great 
value in adsorption studies, but the range 
of applicability of each of them is con- 
siderably limited. 

Other “references? “pertain to the 
adsorption of water or some other single 
component from air or gas and do not deal 
with multicomponent adsorption to any 
great extent. 


COMPARISON OF DEHYDRATION METHODS 


Although the water content of saturated 
gas decreases with an increase in pressure, 
the criterion of good dehydration is dew- 
point depression. To lower the dew point 
from 80° to 30°F., twice as much water 
would have to be removed from a thousand 
standard cubic feet of gas processed at 
500 lb. per sq. in. as would have to be 
extracted from a thousand standard cubic 
feet of the same gas processed at 1000 lb. 
per sq. in. 

One process that has dehydrated gas 
satisfactorily at these higher pressures 
employs solid adsorbents and the most 
successful adsorbents used to date have 
been various grades of activated alumina. 
The dew-point depression effected by 
these materials usually ranges from 80° to 
100°F., as compared with an average 
depression of from 45° to 55°F. obtained 
with diethylene glycol, and commercial 
operations at pressures up to 1200 lb. per 
sq. in. indicate that high pressures have 
comparatively little effect upon the de- 
hydrating efficiency of the solid adsorbents. 
However, there are other economic con- 
siderations, which, in many instances, 
favor glycol at lower pressures and have 


stimulated a search for a more suitable 
agent for dehydrating liquid for use at 
higher pressures. 


GAs DEHYDRATION AT LOGANSPORT 


The research presented here was inspired 
by observing operations at the dehydration 
plant owned and operated by the Southern 
Natural Gas Co. at Logansport, La. 
This plant was designed to dehydrate 
one hundred million cubic feet of gas per 
day at a pressure of 1200 lb. per sq. in. 
by means of solid adsorbents. It consists 
of four 3 by 28-ft. towers packed with 
activated alumina. These towers are 
operated in parallel, two towers dehydrat- 
ing the gas while the other pair is being 
regenerated. Regeneration is accomplished 
by passing hot gas up through the solid 
adsorbent at line pressure and tempera- 
tures ranging up to 390°F. This hot gas 
removes the adsorbed water and hydro- 
carbons, which subsequently are condensed 
and withdrawn from the system when the 
hot gas is cooled and scrubbed before it is 
passed through the active towers for final 
dehydration. When this plant was placed 
in operation a rather substantial quantity 
of hydrocarbon liquid was recovered when 
the towers were regenerated. Since the 
amount recovered constituted only a smal] 
percentage of the total natural gasoline 
content of the gas, it was felt that con- 
densate recovery might be made more 
efficient if more data were obtained on the 
simultaneous adsorption of water vapor 
and hydrocarbons. Also, some concern 
was expressed about the possibility that 
the dehydrating efficiency of the solid 
adsorbents might be impaired by the 
adsorption of these hydrocarbons. 


THEORETICAL CONSIDERATIONS 


Almost all natural gases contain some 
water vapor as well as a variable quantity 
of hydrocarbons, including propane and 
heavier. Solid adsorbents have a definite 
adsorptive capacity for any single, pure 
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component but this capacity is influenced 
by the presence of other components in the 
gas. 

Obviously, water and the heavier hydro- 
carbons that are present in the gas are 
different chemically, and it is to be expected 
that a solid adsorbent would probably 
exhibit a greater affinity for one than for 
the other. Then a study of the problem 
might be further complicated by the 
possibility that the adsorbent might 
have a greater affinity for one hydrocarbon 
than for others. Therefore, the theoretical 
study of gas dehydration by adsorption 
consists of three parts: 

1. Development of a general adsorption 
equation with water as the key component. 

2. Determination of the ratio of water 
to hydrocarbons adsorbed at various 
degrees of saturation of the solid adsorbent. 

3. Determination of the distribution 
of the various adsorbed hydrocarbons with 
respect to their distribution in the inlet gas. 

Practically speaking, the dehydration 
of natural gas by absorption is truly a 
batch operation, as indicated above. 
In such a process unsteady conditions 
prevail and, since these conditions are not 
well understood, engineering calculations 
for such an operation are seriously ham- 
pered, and the design of dehydration 
installations of this type are either empirical 
or based on pilot-plant tests, or both. If 
batch equilibrium data were available 
showing the relationship between the key 
component in the vapor state and in the 
adsorbed state, a general adsorption equa- 
tion could be derived in the following 
manner: 

By material balance around the key 
component: 


Be Se an eee ttl 
or 
W = S(Xo — X,) [2] 


where 
S = total weight of adsorbent in the 


tower, pounds. 
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W = weight of key component adsorbed 
to time 6, pounds. 

X, = pounds of key component ad- 
sorbed per pound of adsorbent 
at the start of the adsorption cycle. 

Xe = pounds of key component ad- 
sorbed per pound of adsorbent 
at time 0. 

Since XX is nonvariable, it is better to 
substitute X for X 9 where X may be 
defined as the pounds of key component 
adsorbed per pound of adsorbent at any 
variable time. Then: 


W = S(X — X,) [3] 
Differentiating Eq. 3 with respect to X: 
dW/dX = S [4] 

or 
dW = SdX [s] 


By definition: 


dW/d8@=I-E [6] 
where 
dW /d@ = rate of adsorption of the key 
component, pounds per hour. 
I = rate of flow of key component 
in the inlet gas, pounds per 
hour. 
E = rate of flow of key component 
in outlet gas, pounds per hour, 


or 
dW = (I — E)d6 [7] 
Equating Eqs. 5 and 7: 
SdX = I — E)dd [8] 
Rearranging: 
d§ = —_ dX [o] 


Integrating: Eq. 9: 


9 xe ig 
Ip db = Jy, 7k Rex [xo] 
a x6 
S. 
= |x, 7—Re [x1] 


The relationship between X and (J — £) 
is determined from the equilibrium curve 
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and then Eq. 11 is integrated graphically. 
Thus any one of the four variables may be 
calculated if the remaining three are known. 
If, for example, it is desired to calculate 


Natural Gas Source 


Water bubbler 


Hydrocarbon 
bubbler 


vapor was adsorbed; also butane, hexane, 


heptane, and water vapors were added, ~ 


separately, to a stream of natural gas, 
which was then passed through the 


Adsorber 


Gas 
Outlet 


Fic. 1.—FLOW DIAGRAM OF EXPERIMENTAL APPARATUS. 


the time of cycle, this may be done if the 
rate of flow, concentration of the key 
component in the inlet and outlet gas, 
and the initial and final concentration of 
the key component in the adsorbent are all 
known. 


APPARATUS 


All experimental work reported here 
was conducted at, or near, atmospheric 
pressure, and additional research is being 
conducted at high pressures at the present 
time. 

A great deal of preliminary investigation 
was conducted in which pure butane 


adsorbent material. These investigations 
were preliminary to the work that is 
reported here in detail. 

The apparatus used in this phase of the 
research is shown in Fig. 1. It was so 
constructed that water vapor and heavy 
hydrocarbon vapor could be intimately 
mixed with natural gas and the composite 


mixture passed through a chamber contain- — 


ing the adsorbent. The adsorbent chamber 
was made of 134-in. standard pipe, 20 in. 
long, which was fabricated with two 
thermometer wells at a distance of 4 in. 
from each end. This vessel was packed with 
solid absorbent, which was held in place 


ee 
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by tufts of glass wool inserted in each 
end of the chamber. Natural gas carrying 
water vapor and vapors of one of the 
heavier hydrocarbons used was mixed and 
passed into the top of the adsorber, and 
the residue gas was removed from the 
bottom of the chamber. The water vapor 
was added to the gas by bubbling it through 
a graduated cylinder filled with water, 
which saturated the gas with water vapor 
prevailing room temperature. 
Hydrocarbon vapors were added to another 
gas stream in precisely the same manner, 
but the vessel containing the liquid hydro- 
carbon had a greater volumetric capacity, 
since all the hydrocarbons employed in 
this investigation were more volatile 
than water. Relative quantities of water 
and hydrocarbons were controlled by 
varying the rate of gas flow through the 
two saturators. The two gas streams 
were’ measured by means of test meters 
before saturation, and were then combined 
and charged into the adsorber. 


SoLtmp ADSORBENTS 


Three commercial grades of aluminum 
oxide were used as the solid adsorbents 
in this investigation. Florite is the product 
of the Floridin Company, of Warren, Pa., 
while Alumina-A and Alumina-H are 
both products of the Aluminum Ore 
Company, a subsidiary of the Aluminum 
Company of America at East St. Louis. 
The major constituent of all three is 
hydrated aluminum oxide. Florite con- 
tains more iron oxide than the other two, 
as evidenced by its color, while Alumina-H 
is impregnated with silica gel. The chemical 
analysis of Alumina-A is shown in Table 1. 


TABLE 1.—Chemical Analysis of Alumina-A 


PER CENT BY 

COMPONENTS WEIGHT 
Alumina (Al2O3).....----+-+-++++> 92.00 
Loss on radi (His Petre cawit > ssi 7.00 


Soda (N Less than 1.00 


Silica (SiO.) SOE athe ee Less than 0.10 
Ferric Oxide (Fe20s) Less than 0.10 
Titania (TiOs)......- 0-0-2 56--+--- Less than 0.10 


The physical properties and screen analyses 
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of all three compounds are shown in 
Table 2. 


TABLE 2.—Physical Properties and Screen 
Analyses of Solid Adsorbents 


Properties 


True specific gravity...... -40 2%. 
opearen yg Cenity, | lb. per : = 
Cutt se. 50 54 
Specific Nort Soph eae Nae 0.24 0.23 

Average porosity, per cent | 34 28 


Sieve Mesh 


Alumina-A =} Alumina-H 


Florite 


The average diameters of the solid 
particles have been calculated from the 
screen analyses by the method of Fancher 
and Lewis'® as o.10o9 in. for Florite, 
0.0999 in. for Alumina-A, and 0.0998 in. for 
Alumina-H. 


HyDROCARBONS AND WATER 


The commercial hexane and heptane were 
obtainéd from the Skelly Oil Co. The 
curves for vapor pressure vs. temperature 
for these two hydrocarbons have been de- 
termined experimentally and are shown in 
Fig. 2. 

The natural gas used in these experiments 
was taken from the mains of the Oklahoma 
Natural Gas Co. in Norman, Okla. An 
analysis furnished by the company is as 
follows: methane, 93.0 mol per cent; 
ethane, 5.0; nitrogen, 2.0. 

Norman city water was used to supply 
the vapor for this investigation. While this 
water is not chemically pure, the saturated 
vapor-pressure data corresponded with that 
found in the literature. 
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EXPERIMENTAL PROCEDURE 


The fresh dry alumina was weighed and 
then charged into the adsorber (Fig. 1). 


Vapor Pressure (lbs. per sq. in. abs.) 


100 110 
Temperature Deg. F. 


Fic. 2.—VAPOR-PRESSURE DATA FOR COMMER- 
CIAL HEXANE AND HEPTANE. 


Liquid water and hexane or heptane were 
then charged into separate vessels through 
which dry gas was bubbled and saturated 
with water and hydrocarbon vapors. The 
relative quantities of water and hydro- 
carbon-saturated gas were calculated before 
the test was started and the apparatus was 
closely controlled so that the composition 
of the gas mixture did not vary during the 
run. Saturator temperatures and pressures, 
test meter readings and the adsorber tem- 
peratures were observed and recorded at 
regular intervals. 

The quantity of water and hydrocarbon 
adsorbed in each test was determined by 
means of a standard charcoal distillation 
apparatus. The adsorbent was transferred 
into the flask, 100 ml. of mercury was added 
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and the distillation was carried on until - 


no more liquid was condensed for a period 
of rs min. Both the condenser and the 
receiver jar were well iced to minimize 
vapor losses during the distillation. 


DISCUSSION OF RESULTS 


Batch adsorption data are very useful, 
since adsorption as applied to gas dehydra- 
tion is truly a batch process. For practical 
purposes it is not necessary to study the 
distribution of the adsorbed material within 
the adsorbent body when it is only partially 
saturated, although this matter is impor- 
tant in theoretical studies of the problem. 
The batch adsorption data are sufficiently 
accurate.for engineering calculations and, 
since it is desired to apply these data to 
Eq. 11, these experimental results are 
reported on a batch basis. 

A series of runs was made in which all 
three grades of alumina were completely 
saturated with water and hexane. To 
obtain data on the effect of variable com- 
position of the inlet gas upon the adsorp- 
tion capacities of the different materials 
used, the water-vapor content of the inlet 
gas was held constant while the hexane- 
vapor content was varied. The results of 
this series of tests are shown in Fig. 3. 
The ratio of hexane to water adsorbed 
increases directly with the hexane content 
of the inlet gas and, in the range of 0.1 to 
0.7 weight per cent hexane content, Alu- 
mina-H shows to advantage over Alu- 
mina-A and Florite. However, there is little 
to choose between the three adsorbents at 
higher or lower hexane concentrations. 

Another series of runs was made on all 
three adsorbent materials, in which the 
water and hydrocarbon-vapor concentra- 
tions were held constant at 0.00135 lb. of 
each component per standard cubic foot of 
gas mixture. These runs were terminated 
at various stages of saturation and the 
quantities of water and hydrocarbon 
adsorbed were determined by mercury dis- 
tillation. Results of the tests on hexane and 
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water are shown in Fig. 4, while the results 
of tests employing heptane and water are 
shown in Fig. 5. Batch equilibrium curves 
are shown in Figs. 6 and 7 for hexane 


.07 


8 g g 


Le& HEXANE pnsorseo aT COMPLETE SATURATION 
8 


Le. WaTER 


° 


16) 
ie) 0.2 


04 


hydrocarbon that has been adsorbed in the 
first phase is stripped out; i.e., selective 
adsorption takes place. In the third phase, 
the adsorbent is completely saturated with 
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Fic. 3—RATIO OF HEXANE TO WATER VAPOR ADSORBED AT COMPLETE SATURATION VS. HEXANE 
CONTENT OF INLET GAS. WATER VAPOR CONTENT HELD CONSTANT. 


and water and for heptane and water, 
respectively. 

Figs. 4 and 5 indicate that comparable 
results were obtained using Florite and 
Alumina-A, but that Alumina-H demon- 
strated a greater adsorptive capacity for 
both water and hydrocarbon, probably 
because of the silica-gel impregnation. 
These curves also reveal that the adsorp- 
tion cycle is divided into three distinct 
phases. In the first phase, both water and 
hydrocarbon are adsorbed. In the second 
phase, adsorption of water continues but 


both water and hydrocarbon. In other 
words, the ratio of hydrocarbon to water 
adsorbed is constant in the first phase, 
varies widely in the second, and again 
becomes constant in the third phase. It 
should be noted, however, that good com- 
mercial operation never permits the third 
phase to be reached, and that it is an 
economic impossibility to recover the 
maximum quantity of hydrocarbon ad- 
sorbed in the first phase because of the 
tremendous solid adsorbent capacity re- 
quired for a very nominal gas throughput 
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and because of the frequency of regenerat- 
ing cycles. 

jf: Another .series of runs was made on 
Florite alone, in which the proportions of 


observed that each of the three solid ad- 


sorbents used in this investigation had a 


definite adsorptive capacity for each of the 
components studied when they were carried 
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hexane to water were arbitrarily established 
at 2to1,3to1, and 4 tor. Theseruns were 
terminated at various stages of the adsorp- 
tion cycle and the water and hydrocarbon 
recoveries were determined by mercury 
distillation. Results of these tests are shown 
in Fig. 8. Here it is seen that composition 
of the inlet gas affects the maximum quan- 
tity of hydrocarbon adsorbed. However, 
hydrocarbon desorption takes place rapidly 
after the maxima have been reached and, 
in this range, the effect of composition of 
the inlet gas on the quantity of hydrocarbon 
adsorbed is negligible. Also, the data indi- 
cate that the hexane-water ratio has little, 
if any, effect on the adsorption of water. 

In conducting preliminary experiments, 
which have not been reported here, it was 


in the gas stream individually. Yet the 
adsorptive capacity of these solid ad- 
sorbents for the individual component was 
reduced to some extent when other com- 
ponents were present. It is significant that 
the adsorptive capacity for each of the 
hydrocarbons studied was greatly affected 
by the presence of water vapor, but that 
the adsorptive capacity for water was not 
seriously impaired by the presence of the 
hydrocarbons. 


APPLICATION OF DATA 


The data and theory presented here can 
be applied to a number of problems relating 
to the design and operation of plants for 
dehydration of natural gas. For example: 
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A gas-dehydration plant has been de- 
signed to process one hundred million 
standard cubic feet per day of gas having a 
specific gravity of 0.612, which enters the 
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for the dew point of the outlet gas to rise 
to 32°F. 

2. The quantity of gasoline (calculated 
as hexane) adsorbed at the end of 12 hours. 


Water 
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plant at 1200 Ib. per sq. in. gauge and at 
85°F. This plant is equipped with an inlet 
scrubber, which will remove slugs of free 
water and condensate from the inlet gas. 
The dew-point of the inlet gas is found to 
be 65°F. Two pairs of two towers each are 
connected in parallel, so that while one pair 
is dehydrating the adsorbent material in 
the other pair is being regenerated. The 
inside dimensions of each of these towers is 
3 ft. o in. in diameter by 28 ft. o in. high, 
and each tower is fitted with supporting 
trays, so that the effective depth of the 
adsorbent bed is 25 ft. o in. The towers are 
all packed with Florite, whose bulk density 
is 50 lb. per cubic foot. 

Calculate: 1. The time interval required 


3. The quantity of gasoline adsorbed 
at the end of 8 hours. 


Solution 


1. From Brown’s data! on supercom- 
pressibility: 


Reduced temperature of inlet gas = 


545/363 = 1-5 
Reduced pressure of inlet gas = 121 5/671 
= 1.81 


Supercompressibility factor = 0.833 

Corrected inlet pressure = 1215/0.833 
= 1460 Ib. per sq. in. abs. 

Vapor pressure of water at 6 Soi, =0:307 
Ib. per sq. in. abs. 

Mol fraction water vapor in inlet gas 
= 0.307/1460 = 0.00021 
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Mols per hour inlet gas = 100,000,000/ 
(24 X 379) = 10,980 

Water-vapor content = (10,980)- 
(0.00021) (18) = 41.5 lb. per hr. 

Vapor pressure of water at 32°F. = 0.0887 
lb. per sq. in. abs. 

Assuming a 50-lb. pressure drop across 
the towers: 


Water vapor in the .outlet gas = 


(10,980) (0.0887) (0.84) (18) __ 
1165 ee 


Ib. per hr. when the dew point 
reaches 32°F. 


Lacking specific adsorption data for this 
particular gas, the data reported: here for 
hexane and water are used in the solution 
of Eq. 11: 


Xa) 2G IE 
g= [ora eax = SE 


where 
6 = time of adsorption cycle, hours 


S = pounds Florite in two towers 
= (2)(0.785)(3)?(25)(50) = 
17,050 lb. 

X, = pounds water adsorbed at start of 
cycle =o 


X» = pounds water adsorbed per pound 
Florite at time 6. From Fig. 5, the 
value of Xg = 0.0712 lb. per lb. 
Florite. 

I = rate of flow of water vapor in inlet 
gas = 41.5 lb. per hr. 

E = rate of flow of water vapor in out- 
let gas at time @ = 12.35 lb. per hr. 


The data for X and 


ae ted 
T— fF ate compute 
from Fig. 5 as shown in Table 3. 


Plotting these values of X versus , 


I 
I-E 
and performing a graphical integration, 

0.0712 
i dX /(I — E) is found to be 0.0026. 


Substituting this value into Eq. 11: 
§ = (17,650)(0.0026) = 45.9 hours 


2. Assume that the hydrocarbons ad- 
sorbed are equivalent to commercial 


hexane, whose density is 5.53 lb. per gal., 
and calculating the water vapor charged 
to the towers in 12 hr., thus: 


TABLE 3.—Data Computed from Figure 5 


oo ' 
ressure 0 
Water Ee Water . 
Vapor in La 6 
°. 0.0241 
Oo. oO. 0.0242 
oO. oO. 0.0243 
Oo. Oo. 0.0246 
oO. oO. 0.0249 
Oo. oO. 0.0257 
oO. oO. 0.0265 
‘On oO. 0.0278 
oO. oO. 0.0207 
oO. oO. 0.0324 
oO. oO. 0.0343 


(12)(41.5) = 408 lb. per 12 hr. 
498/17,650 = 0.0282 lb. water per lb. Florite 


Fig. 5 shows that the vapor pressure of 
water in the outlet gas is virtually zero, 
and it follows that the dew point will be 
well below o°F. Fig. 8 shows that when the 
awater vapor adsorbed is 0.0282 lb. per 
pound of Florite, the hexane adsorbed is 
0.048 lb. per pound of adsorbent, assuming 
a hydrocarbon-water ratio of 4 to 1, so the 
hydrocarbon recovery per 12 hr. is: 


(17,650) (0,048) 
5-53 


= 153.2 gal. 


or 
153.2/50 = 3.06 gal. per million std. cu. ft. 


3. If the cycle is shortened to 8 hr., the 
dew point of the outlet gas will be well 
below o°F., and the water adsorbed is: 


(8)(41.5) = 332 lb. per 8 hr. 
332/17,650 = 0,0188 lb. water per lb. Florite 


Fig. 8 also indicates that when the water 
vapor adsorbed is 0.0188 Ib. per pound of 
adsorbent, the hexane adsorbed is 0.054 Ib. 
per pound, so: 
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(17,650) (0.054) 


6.83 = 172.3 gal. 


or 
172.3/33-3 = 5.17 gal. per million std. cu. ft. 
40 


WwW 
eu) 


Ww 
[e) 


Oo 


Hexane - Water 


2) 


Partial Pressure of Water in Exit Gas-p.s.i. abs. 
5 : 
uw 


Oo 


O04 


ce) 02 


Lbs. Water Adsorbed per 


263 


determinations provided that proper gas 
measurement facilities are available for 
each operating tower. 

Commercial operation has confirmed two 
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|b. Adsorbent 


Fic. 6.—BATCH EQUILIBRIUM ADSORPTION OF WATER VAPOR IN PRESENCE OF HEXANE. 


The results of these calculations approxi- 
mate commercial operations reasonably 
well despite the fact that these data were 
obtained at atmospheric pressure on a 
mixture of lean natural gas saturated with 
water and commercial hexane vapors. It is 
obvious that more precise results could be 
obtained ‘from equilibrium data obtained 
in the field. Equilibrium data for water 
vapor can be obtained from dew-point 


significant points brought out in this exam- 
ple; namely, (r) that the dew point rises 
very rapidly when the adsorbent approaches 
saturation, and (2), that greater hydro- 
carbon recovery is obtained from shorter 
operating cycles. 


CONCLUSIONS 


The following conclusions may be drawn 
from the results of this investigation: 


264 SELECTIVE ADSORPTION OF HYDROCARBON AND WATER VAPOR ON ALUMINA 


40 


WwW 
wn 


= OsisclbS: 
W 
oO 


25 


.20 


10 Heptane - Water 


OS 


Partial Pressure of Water in Exit Gas 


10) 02 04 


1. The batch method is a comparatively 
simple and convenient means of studying 
the performance of solid adsorbents in gas- 
dehydration service. All complex variables 
including heat of adsorption are taken into 
account in a single batch curve. 

2. The adsorption cycle is divided into 
three distinct phases; if maximum hydro- 
carbon recovery is desired, the adsorption 
cycle must be terminated early in the sec- 
ond phase. 

3. The ratio of hydrocarbon to. water 
adsorbed can be adjusted either by chang- 
ing the length of the cycle or by varying 
the quantity of solid adsorbent. 
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4. Presence of heavier hydrocarbons in 
the inlet gas does not seriously affect the 
adsorptive capacity of Alumina-A, Florite 
or Alumina-H for water. 

5. Presence of water vapor in the inlet 
gas does have a marked effect upon the 
adsorptive capacity of these three grades of 
alumina for the heavier hydrocarbons. 

6. This investigation should be ex- 
tended to high pressures, using gas that 
contains a complex mixture of the heavier 
hydrocarbons. 

7. Batch adsorption data obtained in the 
field on any given gas should be extremely 
useful in the design and operation of de- 
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Lbs. Hexane per Ib. of Adsorbent 
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Fic. 8.—EFFECT OF VARIABLE COMPOSITION OF INLET GAS ON QUANTITY OF HEXANE AND WATER 
VAPOR ADSORBED BY FLORITE. 


hydration plants of the adsorption type for 
that particular gas. 

8. The experimental data presented here 
should prove useful in the design and opera- 
tion of dehydration plants when no field 
data are available. 
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Chapter II]. Petroleum Economics 


Sources, Disposition, and Characteristics of the Capital Employed 
by Thirty Oil Companies during the Nine-year Period 
1934-1942 


By JosrpH E. Pocur,* Mremser A.I.M.E., AND FREDERICK G. CoQUERON* 


* 


(New York Meeting, February 1944) 


SUMMARYT{ 


PRIOR to 1934, published information 
covering expenditures by oil companies for 
properties, plant, and equipment and the 
residual investments in the various seg- 
ments of the petroleum industry was not 
readily available. This paper presents an 
analysis of the funds invested by a selected 
group of oil companies during the years 
1934 through 1942, based on an extensive 
study of the individual records of 30 oil 
companies. 

The sources, disposition, and characteris- 
tics of the capital employed by this group 
of companies are traced through a series of 
combined statements and appropriate 
charts, covering financial and operating 
data. The analysis of these statements not 
only constitutes a record useful for com- 
parative purposes but also serves as a basis 
for a number of broad conclusions, as 
follows: 

1. The petroleum industry generates 
the capital needed for its expansion almost 
entirely from its own operations and is 
therefore a singularly self-contained eco- 
nomic unit. 

2. The long-term debt contained in the 
financial structure of the industry is small 


* Department of Petroleum ety a te The 
Chase National Bank, New York, N. 

+ A limited number of copies of mee entire 
paper (Contribution No. 133) is available at 
Institute headquarters, New York. 


relative to the total capital employed, is 
less than the net working capital, and has 
increased but slightly during the period 
under review. 

3. The capital expenditures of the group 
of 30 oil companies for 9 years amounted to 
6.1 billion dollars, 58.3 per cent of which 
went into crude-oil producing facilities. 
The trend of this segment of expenditures 
has been downward since 1937. In 1942, 
expenditures for refining facilities increased 
sharply and for marketing facilities de- 
clined drastically. 

4. The net working capital of the group 
increased 380 million dollars over the 
period, and the industry is in a favorable 
position of liquidity. The ratio of combined 
current assets to current liabilities was 3.21 
at the close of the period. 

"5. The net income of the group dis- 
played an upward trend for the period 
but with rather sharp cyclical fluctuations. 

6. In 1942, Government funds entered 
the industry for the first time in substantial 
amounts and were utilized for the provision 
of war facilities needed for emergency 
use. 

7. The group has paid out a relatively 
low percentage of net income in the form of 
dividends. For the period the average was 
55 per cent of net income. 

8. The rate of return on invested capital 
for the group averaged 6.4 per cent for the 
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period, compared with an average of 8.8 
per cent for a group of over 1100 manufac- 
turing companies. Integrated oil companies 
showed a lower rate of return than produc- 
ing companies. 

9g. Combined net assets for the group 
totaled over 6 billion dollars at the end of 
1942, of which 700 million dollars, or 12 per 
cent, were located outside the United 
States. 

to. The combined net investment in 
properties, plant, and equipment of the 
group at Dec. 31, 1942, was distributed in 
the divisions of the business as follows: 
production, 45.6 per cent; transportation, 
13.7 per cent; refining, 19.8 per cent; mar- 
leting, 18.7 per cent; and all other, 2.2 per 
cent. 

11. The concentration of operations in 
large units is less than in many highly 
technological industries. The group in 
1942 produced 54 per cent and refined 79 
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per cent of the totals for the country. 
Eighteen companies accounted for half of 
the nation’s crude-oil production; and 
seven companies, for half of its refinery 
throughput. 

12. The combined results for the group 
indicate a declining trend since 1937 in the 
capital expenditures per barrel of crude oil 
produced. The data also permit the con- 
struction of an index of crude-oil replace- 
ment cost, which has a rising trend for the 
same period. 

13. The group increased its crude-oil 
production by 57 per cent and its refining 
throughput by 43 per cent between 1934 
and 1942, as compared with an expansion 
of 25 per cent in gross fixed assets, 19 per 
cent in net fixed assets, and 11 per cent in 
borrowed and invested capital. 

14. The combined statements indicate 
that the oil economy is functioning soundly 
and effectively. 


Possibility of Converting the Large-diameter War Emergency 
Pipe Lines to Natural Gas Service after the War 


By Sipney A. SWENSRUD,* MEMBER A.I.M.E. 


(New York Meeting, February 1944) 


SuMMARYt 


THE 24-in. crude-oil line and the 20-in. 
petroleum-products line, built as a war 
emergency by the United States Govern- 
ment and running from points in Texas to 
the New York-New Jersey-Philadelphia 
area, were constructed only because of the 
inability during the war to continue nor- 
mal ocean tanker movements from the Gulf 
Coast to the East Coast. The postwar dis- 
position of these lines may be considered 
as one of the important problems of the 
postwar readjustments in the oil industry, 
if not the most important one. In the first 
place there appear to be many complica- 
tions in keeping the lines in crude-oil or 
petroleum-products service. This conclu- 
sion was reached also in a study by 
T. E. Swigart, President of Shell Pipeline 
Corporation.! 

Since the lines are too large for any one 
company to utilize, and since it appears 
likely that a surplus rather than a defi- 
ciency of tankers will exist after the war, 
most companies probably will feel that 
they can achieve lower costs and more 
satisfactory results from the resumption of 
tanker movements to the East Coast 
rather than by endeavoring to take over or 
utilize the capacity in the large pipe lines 
under some tariff-rate structure. 


* Vice President, Standard Oil Co. (Ohio), 
Cleveland, Ohio. 

ft A limited number of copies of the entire 
paper (Contribution No. 135) is available at 
Institute headquarters, New York. 

1 Postwar Uses of Pipeline for Petroleum 
Transportation presented at meeting of 
American Institute of Mining and Metal- 
lurgical Engineers, Feb. 24, 1944. 


As for using the lines for making de- 
liveries to the middle west or central 
eastern areas, it would appear that when 
the war is over and normal transportation 
arrangements can be resumed, there will 
be no need of any extra capacity for such 
deliveries. Therefore, the War Emergency 
lines could be utilized for this purpose 
only if privately owned pipe lines and 
other transportation facilities were to be 
displaced. 

Against this rather unprepossessing 
prospect for use in petroleum or product 
service is the fact that at or near the 
source of the lines lie the greatest developed 
gas reserves in the world, for much of 
which there is at present no satisfactory 
market outlet; and at the other end of the 
lines lies one of the greatest concentrations 
of population in the world, which is not 
now served by natural gas. Those who 
have been fortunate enough to use natural 
gas can have little doubt of its desirability 
as a domestic fuel. An analysis of the 
market potentialities and comparison with 
other areas where natural gas is being 
distributed, and where it has displaced 
manufactured gas, makes it seem clear 
beyond question that the full capacity 
of both of the large-diameter lines could be 
fully utilized in this service, and this with- 
out creating any undue drain upon the gas 
reserves of the nation. On the basis of an 
estimated capacity of 100 to 120 billion 
cubic feet per year, the gas that might be 
marketed through these lines would amount 
to only 3 to 4 per cent of the total con- 
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sumption of natural gas in the United 
States, and over a 10-year period it would 
constitute only about 1 per cent of the 
estimated present known reserves of 
natural gas in the country. The gas that 
could be put through the lines per year for 
use in the eastern area referred to would 
be less than one third of the quantity of 
gas burned annually in retorts in the state 
of Texas for the manufacture of carbon 
black, and less than one eighth of the 
quantity of gas used annually in that state 
for industrial purposes other than oil 
refining. 

There would seem to be no question 
either but that the lines would be efficient 
gas carriers once the necessary extensions 
into gas-reserve areas had been made and 
the lines properly equipped with gas com- 
pressor stations, using natural gas as fuel. 
The direct cost of putting the gas through 
the lines all the way from one end to the 
other would be only about s5¢ per M cu. ft. 
The main costs would be the indirect 
items of taxes, depreciation and return on 
investment, which, together with reason- 
able allowances for gas storage costs, con- 
tingencies, etc., are estimated to bring the 
total throughput cost up to approximately 
20¢ per M cu. ft. on the basis of a 75 per 
cent load factor, and if we then assume, 
as appears reasonable, that the cost of gas 
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at the source would be approximately 5¢ 
per M cu. ft., the delivered cost in the east 
coast area would be around 25¢ per 
M cu. feet. 

On the basis of such delivered cost, there 
appears to be no question but that attrac- 
tive rates to consumers could be estab- 
lished, comparable with rates in other 
central eastern areas where conversion to 
natural gas has occurred. 

Other conclusions reached in this study 
were as follows: 

The use of both lines for gas service 
rather than only one would be an advan- 
tage from the standpoint of protection 
against emergency interruptions. 

The gas delivered through the lines 
would displace the coal and oil now used 
to manufacture artificial gas, plus certain 
other quantities now used by consumers 
who would switch from other fuels to 
natural gas, but such loss of coal and oil 
volume would appear to be small in rela- 
tion to the total volume of these products 
sold in the area. 

By rearranging the oil-pumping and the 
gas-compressing facilities so as to increase 
the number of stations on each line, one 
of the lines could be used for oil deliveries 
in the event of another emergency, while 
still delivering large quantities of gas 
through the other line. 


Chapter LV. Production 


Introduction 


By WintHrop P. Haynes,* MremBer A.I.M.E. 


THE symposium on production for the 
year 1943 contains few papers on the for- 
eign situation. It has always been the policy 
of officers in charge of the symposium to 
refrain from publishing information that 
might possibly injure national or private 
interests. At the close of the war we hope 
again to publish full and accurate records 
of production abroad. 

A noteworthy feature of the reports on 
Texas this year is the map on page 460, 
which shows the districts covered by the 
statistics. 


EXCERPTS FROM CIRCULAR TO. AUTHORS 


In order to facilitate interpretation of the 
data in this chapter, we print the follow- 
ing excerpts from the Circular to Authors. 


The field is the unit in this tabulation. In 
cases of fields extending across State bound- 
aries, such as Rodessa, it is suggested that 
each State author treat the section of the field 
in his State as a unit, and by a footnote indicate 
that the field extends into an adjacent State. 

Each place in the table may represent one of 
three possibilities; either the proper entry is 
determinable and can be supplied by the 
author, or an approximate figure can be sup- 
plied which is the author’s best guess and 
should be entered followed by an x, or it does 
not apply to the particular field and the space 
is left blank. Contributions of great value may 
be made by the author in many cases where 
entries are not subject to precise determina- 
tion. In such cases the author should use his 
good judgment and make the best entry pos- 
sible under the circumstances. 

* Geologist, Standard Oil Company of New 


Jersey; Chairman for Production, A.I.M.E. 
Petroleum Division, 1944. 


The entry of a zero is a positive declaration, 
and it is an important declaration where it 
is in order. * 

It is thought that the nearest whole numbers 
are sufficiently accurate for our purposes ex- 
cept as to percentage of sulphur in oil. If an 
author desires to report any other figures to 
tenths, he may do so. 

The quantity of gas produced should include, 
where possible, gas sold or otherwise marketed, 
and gas blown into the air, burned as flares or 
otherwise wasted. Segregation of these figures 
would be interesting if the authors can make 
such segregation. In any event, the figures 
should represent as nearly as possible the total 
quantity of gas removed from the reservoir. 

Under the columns on “ Depth,” the average 
depth to the top of the productive zones and 
to the bottom of the productive wells, when 
subtracted, should give the approximate 
thickness of the productive zone. For fields 
where this is not true because of unusually 
high dip or for some other reasons, it is sug- 
gested that the authors indicate in their text 
the approximate average thickness of the 
productive zone. ’ 

The net thickness of the producing formation 
should be the thickness of the producing zone, 
less the estimated amount to cover the portions 
of the zone that do not yield oil, such as dense 
shales, etc. It is recognized that for some 
fields the authors can only make rough guesses; 
in such cases, they should enter their best 
estimate followed by an x. Average production 
per acre-foot need not be reported as it can 
be calculated by those interested from the 
figures given. 

In classifying wells as to producing methods, 
enter all wells that are not “flowing” in the 
column headed “Artificial Lift.” If possible, 
add footnotes to indicate whether the lift is 
“pumping,” “gas lift” or “air lift.” 
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It is recognized that for many fields it would 
be very difficult to determine accurately the 
quantity of each gravity of oil produced. How- 
ever, the approximate weighted average 
gravity that will be representative of the total 
production can be determined sufficiently ac- 
curately to constitute significant information. 


FootNorEs To CotumN HEApINGs— 
TABLE 1 


* All fields to be listed alphabetically and if 
by counties the latter also in alphabetical order. 
If the field is a gas field, or is primarily a gas- 
producing field, indicate by asterisk immedi- 
ately after the name of the field, as, for example, 
Katy,* Waller. 

> Total area in surface acres in the field 
proved for production of oil and/or gas. 

© Total production in barrels of oil and/or 
distillate or condensate; and show by footnote, 
where possible, the amount of distillate or con- 
densate production. 

4 Applies only to areas in which shutdown 
days are ordered by a regulatory body. In such 


“instances, show total number of days on which 


production was permitted during year. 

* Volume of gas produced from the field and 
not returned to the reservoir 

/ Include all original completions, but ex- 
clude workovers and wells deepened or plugged 
back. Abandoned refers only to wells abandoned 
after having produced oil and/or gas and is not 
to include wells abandoned without having 
secured production. : ; 

9A well producing both oil and gas is 
Classified as an oil well, unless it has been 
designated as a gas well by the State regu- 
latory agency. Gas wells are wells producing 
gas only, wells producing condensate or dis- 
tillate, and wells producing some oil but 
classified as gas wells by the State regulatory 
agency. Las 2 

* Show type of operation as indicated by 
the following symbols: P, pressure main- 
tenance; G, gas injection; W, water injection; 
C, cycling. : 

*Show weighted average gravity A.P.I. at 
60°F. as oil is delivered to the pipe lines, and 
percentage of sulphur, if any, in the oil. Where 
oils from more than one stratum are com- 
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mingled and delivered into the pipe line at a 
gravity of 26 to 26.9, show as 26°, etc. 

* Show name of producing formation, and 
show its age by abbreviation as follows: Cam, 
Cambrian; Ord, Ordovician; Sil, Silurian; Dev, 
Devonian; Mis, Mississippian; MisL, Lower 
Mississippian; MisU, Upper Mississippian; 
Pen, Pennsylvanian; Per, Permian; Tri, Trias- 
sic; Jur, Jurassic; CreL, Lower Cretaceous; 
CreU, Upper Cretaceous; Eoc, Eocene; Olig, 
Oligocene; Mio, Miocene; Pli, Pliocene. 

* Show’ character of formation by code letter 
as follows: A, anhydrite; C, chalk; Cg, con- 
glomerate; Ch, chert; CR, cap rock; D, 
dolomite; Da, arkosic dolomite; Gw, granite 
wash; Sh, shale; L, limestone; LS, limestone, 
sandy; OL, odlitic limestone; S, sandstone. 

‘Figures represent ratio of pore space to 
total volume of net reservoir rock expressed in 
per cent. P indicates reservoir rock is of porous 
type, but ratio is not known by the author. 
Cay indicates that the reservoir rock is of 
cavernous type; and Fis, fissure type. 

™ Show actual depth to top of producing 
stratum. If producing zone is a series of inter- 
bedded sands and shales, and the sands are all 
productive or capable of producing, show the 
depth to top of top sand member. 

” Show actual average thickness that is pro- 
ducing or known to be productive. If, for 
example, average thickness of productive 
zone above water level is 50 feet, show 50 feet, 
even though wells are completed in only upper 
ro or 15 feet of zone. 

° A, anticlinal; AF, anticlinal with faulting 


‘as important factor; Af, anticlinal with faulting 


as minor factor; AM, accumulation due to both 
anticlinal and monoclinal structure; D, dome; 
DS, salt dome; H, strata are horizontal or 
nearly horizontal; MC, monocline with accu- 
mulation due to change in character of stratum; 
MF, monocline-fault; MI, monocline with 
accumulation against igneous barrier; ML, 
monocline-lens; MU, monocline-unconformity; 
MP, monocline with accumulation due to 
sealing at outcrop by asphalt; N, nose; S, 
syncline; T, terrace; TF, terrace with faulting 
as important factor. 

? Show name of deepest stratigraphic zone 
tested and total depth of well which tested such 
zone, whether it is deepest well in field or not. 

x Correct entry not determinable. 


Oil and Gas Development in South Arkansas in 1943 


By Atec M. CroweE.t,* Memser A.I.M.E., AND Harry P. McCurntock* 


PRopUCTION of oil and gas condensate 
from the 45 oil and gas fields of South 
Arkansas increased for the eighth consecu- 
tive year; the production for 1943 being 
27,605,647 bbl. Six new pools were dis- 
covered during 1943, bringing the state’s 
crude oil and condensate reserve to 475 mil- 
lion barrels, a net increase of 70 million 
barrels for the year. The gross increase in 
proven reserve was 98 million barrels, 
from which, of course, is subtracted pro- 
duction of approximately 28 million barrels 
to reach the net figure of 70 million barrels. 

There were 35 more wildcats in 1943 than 
in 1942, and 29 more wells were drilled in 
fields of the state. Sixteen companies 
operated exploratory crews during the 
year for a total of 677 crew weeks, divided 
as follows: 563 weeks seismograph, 111 
weeks gravity and 3 weeks core drill. There 
was a decided increase in gravity work and 
a decrease in seismic work. The year 
started with 15 seismic crews and ended 
with 5 seismograph and 2 gravimeter crews. 

Geologically, it is interesting that 
the number of wells bottomed in Gulf, 
Comanche, and Jurassic strata were near 
equal for the year 1943. During 1942 
Jurassic was much higher than the other 
two. However, Jurassic still led in wildcats 
for the year 1943. 

Abandoment of wells in the stripper 
areas of the state reached about the same 
figure for the year 1943 as for the year 1942; 
that is, 145 wells were permanently aban- 
doned. However, 243 wells were drilled in 
1943, as against 184 for the previous year, 

Manuscript received at the office of the 
Institute April 22, 1944. 


* Arkansas Oil and Gas Commission, El 
Dorado, Arkansas. 


The completions for the year were divided 
into 103 dry holes, 137 oil and condensate 
wells and 3 dry gas wells. 

Among new developments perhaps the 
most significant was the pressure-main- 
tenance project for the Midway field of 
Lafayette County, which is utilizing fresh 
water as the maintenance medium. This is 
the first fresh-water pressure-maintenance 
operation during primary production of an 
oil field in the United States. The operator 
of the project, Barnsdall Oil Co., estimates 
that the ultimate recovery of oil from this 
field will be increased from 32.5 to 65 mil- 
lion barrels. 

The Midway pool is of the dissolved-gas 
type, but a similar project is getting under- 
way for the Magnolia field, Columbia 
County, a pool of the gas-cap and water- 
drive type. 

Dual completion of wells, on concurrent 
production from two productive zones 
through a single well bore, became com- 
mon practice in South Arkansas during 
the year. As the year ended, some 50 wells 
had been dually completed and it was esti- 
mated that the first 37 of these wells 
represented a saving of more than 214 mil- 
lion dollars and a saving in steel of 7000 
tons. 

The majority of the wells dually com- 
pleted were those reaching depths in the 
neighborhood of gooo ft. below the surface 
and initially productive there. Selective 
completion at lesser depths in the same well 
bore proved mechanically feasible and 
economically sound. 

The year was marked by the successful 
completion and placing into operation of 
three large natural-gas desulphurization 
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units in the state. Natural gas containing 
hydrogen sulphide to a concentration of 
I5 per cent is now being successfully 
treated for the removal of this hydrogen 
sulphide, as well as of carbon dioxide. 
These three plants were processing, as the 
year ended, approximately 150 million 
cubic feet of sour gas daily, manufacturing 
more than 200,000 gal. of hydrocarbon 
products from the gas, and all of the dry 
sweet gas residue was being utilized by 
some 13 war industries and military facili- 
ties as industrial and domestic fuel. 

The Southern Acid and Sulphur Co., 


’ Inc., of St. Louis, Mo., completed and 


placed in operation a sulphur-reclamation 
plant on the discharge of the McKamie 
Gas Cleaning Company’s plant in the 
McKamie field, Lafayette County, Arkan- 
sas. The Southern Acid and Sulphur Co. 
processes the acid gas residue from the gas- 
desulphurization unit and was recovering 
as the year ended 65 tons of pure sulphur 
daily. This represents a recovery of 97 per 
cent of the sulphur contained in the natural 
gas. 

Pressure-production behavior on 20 of 
the 33 oil and condensate pools operating 
under state control reflected a good ac- 
count of the Oil and Gas Commission’s 
policy of optimum production practice. 
Table 2 sets out the pool name, subsea 
depth, productive acreage, 1943 production 
and the daily average change in reservoir 


__ pressure. 


New Poors 


West Atlanta-—On July 4, 1943, Tide 
Water Associated-Seaboard’s A. O. Young 
No. 1 well, NE44 SW, sec. 18, T. 18 S., 
R. 19 W., Columbia County, Arkansas, 
was completed successfully as a Cot- 
ton Valley and Smackover lime dual 
completion. 

The Cotton Valley was perforated from 
7210 to 7216 ft. and completed through 
the casing. Initial production was 387 bbl. 
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of 42° A.P.I. gravity oil per day on a 
14-in. choke. Initial gas-oil ratio was 500 
cu. ft. to the barrel, while initial bottom- 
hole pressure was 3080 lb. per sq. in. 
Production for 1943 was 17,652 barrels. 

The Smackover lime was completed 
through the tubing and produced at an 
initial rate of 694 bbl. of 44° A.P-I. gravity 
oil per day on a !4-in. choke with a gas-oil 
ratio of 1291 cu. ft. per barrel and bottom- 
hole pressure of 3483 lb. per sq. in. Struc- 
turally this pool consists of an elongated 
east-west anticline with the discovery well 
1}g miles due west of the Atlanta pool. 
Since the two pools have the same water 
level of 8000 ft. subsea, it is possible that 
they may connect. Production for 1943 
was 26,284 barrels. 

An interesting feature of this well is the 
successful testing of the Cotton Valley, 
since the Schlumberger logs show prac- 
tically all Atlanta wells as having: good 
Cotton Valley possibilities. 

Hampton.—On April 8, 1943, Calhoun 
County, had its first oil well completed 
when Placid Oil Company’s Freeman- 
Smith No. 4 well, NE}4 NW, sec. 2, T. 
1s S., R. 14 W., began pumping at an 
initial daily rate of 38 bbl. of 18° A.P.I. 
gravity oil. The well was drilled to and 
tested in the Smackover lime at a total 
depth of 4420 ft. but was plugged back to 
the Meakin sand of the Upper Cretaceous, 
where casing was perforated from 2514 to 
2524 ft. and from 2534 to 2538 ft. Since 
offset locations have been tested dry, it is 
thought that the discovery is of a minor 
nature. Production for 1943 was 4471 
barrels. 

Mt. Holly-Cotton Valley—On July 27, 
1943, the Cotton Valley series of the Mt. 
Holly pool proved to be productive when 
the Atlantic Refining Company’s Lewis 
No. 1 well was successfully completed in 
this horizon. After perforating casing from 
6112 to 6118 ft., the well tested initially 
168 bbl. of 34° A.P.I. gravity oil per day 
on a 34¢-in. choke, with a gas-oil ratio of 
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OIL AND GAS DEVELOPMENT IN SOUTH ARKANSAS IN 1943 


TABLE 1.—Oil and Gas Production in South Arkansas 


ee 


. . Gas Produc- | Number of Oil 
Oil Production tion, Millions | And/or Gas 
Total, Bbl.¢ Cu. Ft.e Wells/ 
1943 
Field, County 5 2 meee 
=| < | ToEnd | During |ToEnd| Du | q., 
§ 3] Ss | of 1948 1943 of 1043 | Me | Sl | 
g A) & 25/3| 8 
Z S| a “eco ee 
= n| 2 Hal d|-s 
g 8 e Sm} 2| 2 
3 al] = Steed 
HAtlantan Columbia. ctacte ace sites sate ere ae eis oie 3,772,028 910,608 5,133 | 1,425 23 ee Helly eel 
Atlanta-West, Columbi 
} Cotton Valleyig teats. > diene retac ates 17,652 17,652 8 8 ih) Sak 0 
3 Reynoldstiert ct. aun aso meri arasiatocks 26,284 26,284 339 339 2) 2 0 
A\"Big Creek Columbta tees seas odie =a eeeeatieteeee 142,113 29,058 | 3,644 817 TiOuh a0 
5| Bradley, Lafayette.............. 186,705 0 £ 0. 6.0.2 
6| Buckner, Columbia, Lafayette... . | 4,055,122 661,365 983 160 291 2 0 
7 Camden (Bragg), Ouachita esse. = 92-2 -- <2 st 37,848) (Abd. 1940) z 0 di SOs eG) 
siiOhampagnolle; Untonstectmsg oe) eects ee eee 1927| 2,030) 15,427,568 247,056 x z 251) 8 | 13 
(9 (Columbia, Columbia2nee-- > ae -ceree eteeeee 1942 40 9,529 9,529 215 215 1 a Vo, Shae 
Dorcheat, Columbia 
10 Cotton) Valleyt se sai iw deincnt eee ecto areaae 369,250 316,914 6,128 | 5,542 20; 10 0 
11 Reynolds nchisis sergaas Sacer ate cee ket 2,160,305 461,874 | 20,909 | 4,677 36} 10 | 0 
1O-EL Dorado-Wast, Unions... .2cn..e2e s+ cees aaeecer 9,799,559) 188,920 x z 211) 8 6 
13| El Dorado-South, Union 49,047,546) 317,939 x 2 S116) Or ae 
14| Falcon, Nevada3............. | 
15) Rouko, Milensen. 2 cote ees ace epee eee 1,004,183) 477,026 262 22 24) 11 1 
16| Garland City, Miller. 2,158,278) 85,971 z x 28) Bi} 
17| Hampton, Calhoun..... 4,471 4,471 x z Lie} 0 
18] Haynesville; Columbia* 7... 0.0 200+ eae Pe c 197,597 196,537 103 103 10! 9 0 
1G) Urania Vevadae 25.8 ot cy catechol eters § 7,445,460; 217,160 z x 150; 0 0 
20| Lewisville (Stamps), Lafayette................... |1939} 400) 593,888} 55,064 367z | 33z| 19) O| 1 
21) Lisbon, Union...... bbe baad SAAC oon erase sae 1925} 2,700} 6,874,710) 52,204 x zr 356; 0 | 11 
Macedonia, Columbia 
22 Catton: Valley). 22a .ccccctec ts apne pena to 1942) 2,240 476,425 458,855 6,290 | 5,992 18} 9] 0 
23) Reynolds........ Perens ncaa testes ene renseenenee 1940) 2,720 895,379 386,176 | 12,000 | 5,914 29; 10 | 0 
Magnolia, Columbia 
24 Cotton Walley™.o. 2 maact cease eee ames 1943 40 1,151 1,151 1 ul nn J) 
25 Reynoldsiratsancmeelesses ce ates eee 1938] 4,414) 30,714,436) 5,999,674 | 28,366 | 6,234 116) O92 
McKamie, Lafayette 
26 Cotton) Vabey:.5: 4-2 aoadee. setae tee ee 1942) 160 27,865 12,230 3 t|' oF. 6 
Pa ana GE bop oerpope Ses pagrccnr oc gest act} 2,780} 2,031,179 352,758 | 15,497 | 2,777 19} 0} 0 
28] Midway, Lafayette ’ 1,612} 3,392,500) 2,170,253 874 552 42) Firs 
29] Mt, Holly (McDonald), Ouachita................. /1929 60 117,085] (Abd. 1931) z 0 6} O11. 0 
Mt, Holly, Union 
30 Cotton Valley. 23 2.1 'h-seh, Seta oer ayes 1943} 120 6,108 6,108 2 2 Sin oe 
Bill, eteReynolda.s akaetenen ns Aor Men eee nem 1941] 360; 349,952) 210,218 | 1,779 | 919 10) 5 1) 0 
32) New ondon, Union: s.j.2)n2 <0  qacg eee emer ele 1942} 760 421,557 353,592 199 170 19| 7 0 
Nick Springs, Union 
33 Cotton: Walleye ser ra.cs.= cane eee eee: 1943 10 6,017 6,017 0.6 0.6 Lhe t-[9 
34 ‘Travis! Peak.cni acres recieves cao ts ae O4O nee TSU 675,754 60,228 268r 18x 14, 0} 4 
35| Patton, Lafayette........... Senate ho NOON ee: 1941| 80 33,584 8,065 81 13 21-0.) 0 
36) Rodessa, Mier. crmemeactacie noe same nae 1937| 2,150) 6,820,863 213,342 | 44,017 | 3,892 128} 01 7 
yaa ee s 
37 lotGon Valley oFex. mn ccc.cn cit Coane aoe eS 1942} 640 611,336 409,687 1,303 798 15 
38 Jones Sand°®. . wend nce Ge ee 1937) 2,964) 29,510,044) 3,957,374 | 50,219 | 8,923 146 ; 
39 IMloygan\ Sand. crea. testa eek acl-caeee ee 1937 300} 2,705,243 97,547 | 2,166¢ | 1482 14, 0] 0 
40 DRO VNOMISN faces een eate ne Tent ae eee 1937} 806] 4,753,349 744,231 6,795 660 16) Oa 
41| Schuler-East, Union. .... plghinials Pata et ee eae 1941} 340 434,038 202,945 820 173 6} 0] 0 
42| Smackover, Ouachita, Union..............0.0.0.. 25,760 x =) 3,(6h ye a ag 
43 FLO AVY ict. soon Seige tice he vem Gore eee eS 1922) 16,000) 342,159,535} 3,849,485 z x 


» Footnotes to column heads and explanation of 


1 Dually completed in both Lime and Cotton V. 
3 Production included in Hast ElDorado, 


L other data not available. 
5 Gas-recycling plant; 93 wells of unit not producing. ah 


symbols are given on page 270. 
alley. 2 Temporarily shut in by P.A.W. 


—_ 


4 Extension of Haynesville pool from Louisiana, 


wet ba “he 
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TABLE 1.—(Continued) 
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1a SS SS ee eee ee ee eee 


Wells Reservoir 


Producing? | Pressure, Lb Character ae Deepest Zone 
See » Lb. of Olt Producing Formation Tested? to End 
ec. 1943 | per Sq. In. of 1943 
Oil 
: 5 
ise) 3 . oy 
g Shen ee by a . aw jae 
= aS |e] Name of Age’ See |a= Name 
Bel be 2 | bl <s [23 &) 63] Se (85) = r 
2 |2|'8 =| 8/3/25 18s S4ABS| 2B" [ee] § A 
BIElSeiagi) 2] 8 | 8] 52 Ss E /35| eas ge 8 =] 
Pieleals] a | & | S| &3 se SES) Sas Se] eB ae 
Sle |o| 8 | < | a|o* ja Sam) ASS | a aa 
1} 21 1) 0| 3,821 | 3,364 42.60.49} Reynolds, Jur 15 30! A | Smackover 8,332 
Died 0| 0) 3,085 is 41.5/0.29| Cotton Valley, Jur 14] AL 8,3. 
[oe 0} 0) 3,483 | 3,390 43.4 0.49) Reynolds, Jur 38] A Beata F366 
4| 0 0} 1) 3,723 | 3,303 66.2 0.05) Reynolds, Jur 38} A | Smackover 7,999 
5| 0 0} 0 z C7 26 (0.43) Buckrange, CreU 5| A | Paluxy 3,555 
6| 7) 22) 0)3,195 | 2,495 32.3 1.87] Reynolds, Jur 30} A | Smackover 7,444 
mo 0) 0 z z 16 (2.56) Nacatoch, CreU 13 ML | Travis Peak | 2,500 
8| o| 7210 2 = (a 2.00) Tokio, CreU ) ° 
: | (34 (1.42) Hosston, CreL J 15| NL | Eagle Mills | 6,911 
ST I 0; 0) 3,750 z | 66.4/0.14 Reynolds, Jur 25! A | Smackover 8,150 
10] 20] 0) 013,400 |2,9002} | | $7-3.9-$2| | Cotton Valley, Jur | 8 25 Smackover | 9,028 
11 | 36 0} 0) 4,243\| 3,040 54 0.39) Reynolds, Jur OL 40 Smackover 9,028 
12} 0| 60:3 “z = 20.51.92) Nacatoch, CreU 8 10 Cotton Valley | 6,003 
13| 0} 176|0| =| 32.5/1.11| Nacatoch, CreU Ss 20 Smackover | 7,820 
14 : 13 | Nacatoch, CreU $ 
15} 2) 21) 0) 1,485 z is ‘aes Paluxy, CreL s 25 Smackover 9,550 
is] of slol =| =| | auzit.oel Brine}? Oe S 10 Smackover | 7,906 
17| 0 1, 0 zip "se 13.5/4.00| Meakin, CreU $ 24 Smackover | 4,420 
18| 7 3| 0) 2,344 | 2,014 41.40.60) Pettit, CreL OL 15 Pettit 5,590 
19} 0} 73) 0 z z 14.12.70) Nacatoch, CreU NS] 27 Travis Peak | 3,735 
20| 0| 18| 0) 1,4502| = 42.6|0.63| { Blossom, Cre lor t 20 Smackover | 7.420 
21} O}| 1382) 0 z z 34.0)1.08 Nacatoch, CreU 5 20 Smackover 6,861 
22] 18} 0} 0/3,400 | 2,9007 $6 60-21) | Cotton Valley, Jur | S 12| AL |Smackover | 9,020 
23} 29 0} 0) 4,130 | 3,427 61.5/0.13| Reynolds, Jur 75| A | Smackover 9,020 
24; 1 0] 0 z z 38.1! z| Cotton Valley, Jur 10} AL | Smackover 7,824 
25 |104 9} 0} 3,465 | 2,972 38 |0.89) Reynolds, Jur 100} <A | Smackover 7,824 
26} 0 1} 0| 2,831 z 43.5(0.38| Cotton Valley, Jur 10} AL | Eagle Mills | 9,980 
27| 18 0} 0| 4,365 | 4,132 57.9 0.24} Reynolds, Jur 106| A | Eagle Mills | 9,980 
28 | 37 3) 0] 2,920 | 2,643 | PW| 36.21.32) Reynolds, Jur 75| Af | Smackover 6,750 
29/ 0 0} 0 z z 30 z| Hosston, CreL 7| ML | Travis Peak | 3,378 
30} 3 0) 0 x z 42.5)0.27 Cotton Valley, Jur 6| AL | Smackover 7,373 
BL} 9 1} 0} 3,180 | 3,036 40 |0.77| Reynolds, Jur 26| A | Smackover 7,373 
32| 4} 15) 0} 2,6507) 2,220z 30.8'1.88| Cotton Valley, Jur 25| AF |Smackover | 6,100 
33} 0 1/0 z E 3 36 z\ Cotton Valley, Jur 3| AL | Smackover 6,819 
34| 0 9} 0) 1,600 z 37.5,0.95| Hosston, CreL 15| AF | Smackover 6,819 
ny ie 0} 0) 4,380 z 47 |0.60| Reynolds, Jur 30} A | Smackover 9,503 
36] 0} 48/10) 2,800 zt 42.7.0.34| Rodessa, CreL 25| AF | Redessa 6,514 
37| 15 0} 0} 3,090 | 2,500z 45.4! | Cotton Valley, Jur 10} AL | Smackover 8,328 
38 | 38} 935) 0/3,520 | 1,454 | G 34.611.40| Cotton Valley, Jur 42| A | Smackover 8,328 
39| 0} 14) 0| 2,000z z 40.9'0.54) Cotton Valley, Jur 15} AL |Smackover | 8,328 
40| 13 1) 0| 3,550 | 3,280 36.80.91) Reynolds, Jur 26| <A | Smackover 8,328 
41] 65 1) 0) 2,509 | 2,394z 45.2\0.36| Cotton Valley, Jur 14; AL | Smackover 7,702 
42| 0} 1,585} 0 : 
i 19 |2.02) Nacatoch ; 
43 z z he , CreU 40| Af | Eagle Mills | 7,255 
3 okio 
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351 cu. ft. per barrel. Production for 1943 


was 6108 barrels. 


Wisinger Pool.—On Oct. 1, 1943, the 
Hill sand series proved to be productive at 
the N. H. Wheless-Wisinger No. 1 well in 
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the center of the NW14 SE}, sec. 9, T. 


20 S., R. 27 W., Miller County. This wild- 


TABLE 1.—(Continued) 
ee in ne ee 


cat, when tested from 5940 to 5970 hee 
produced 48.5° gravity oil at the rate of 
138 bbl. daily through 13¢4-in. choke. 


. : Gas Produc- | Number of Oil 
peel ges tion, Millions | And/or Gas 
: otal, Bbl. Cu. Fte Wells! 
1943 
Field, County > 3 ibeaer Fees 
o co 
- 8 = To End During To End pee 20 
a A 3 of 1943 1943 of 1943 | yous | SS) |g 
= S al} re 
2 z| 2 Be|2| 5 
3 pl] a Bea ROS = 
44 AGI saci ye denets Soave Obie a, as eee erate 1922} 9,600) 56,491,273 575,660 x 7 
45 Bnow Hall wins setae wceie cawae ce apenas ee 1936 160 281,861 32,687 * x 
46| Stephens, Columbia, Nevada, Ouachita............. 1922] 3,000} 7,583,030 166,825 z z 312) 0176 
47| Stephens-Smart, Columbia..-.........-.2--20--55 1941/ 1,340 1,842,941} 1,397,762 3752 2742 71| 48 0 
43) Texarkana, M dler? nce cae ae 2 oe be 1s dee Se 1942 160 21,782 10,092 694 347 1; 0 0 
49)"Croy, N e0dda wos hems cece ac soe dae eae 1936; 500} 2,705,528 338,110 Ge z 51) O| O 
5O|Wrbana WU nton sea «cepacia teeter ieee 1930 500} 7,829,625 699,168 x z 85) 0 0 
51) Village, Colwmbtas srasaci nate note heiacine + eee tee 1938 730} 2,008,815 439,300 8,270 | 1,338 13] 0 0 
62) WalmingtonaUintonses ce tseacl. cnc ene oe cae 1943 40 1,873 1,873 x x 5 We 0 
53|| WisingeriiM ter? sc... ce sanqerianne och oeeione cee 1943 UW” tae 
5a Woodley, vUnton® 5..tise0 0 cveue waete tacos ee 1922 


TABLE 1.—(Continued) 


Wells Reservoir Deepest Zone 
Producing? | Pressure, Lb. erascna Producing Formation Tested? to End 
Dec. 1943 | per Sq. In. of 1943 

Oil r - 

.. = 
3 g 
SeeSalies oe ie 
3 = |e A Name of Age’ = es & Ea Name 
ah al rie yea ee 3 |ss| see |B] 2 ‘sm 
a\fl3.||2/]213| 33 |g Sol abe ise! 3 a¢ 
2| 8/23 \a) = » | 8) as |es gigs} B28 Se) 3 Bc 
a|& |< So] 8 | 4 | 85% les B ss Aes ie am 
21 |1.77| Nacatoch 2, 
~ ma 97 (2.94 Meckare |» Ore S | 25 aur} 30} ALf | Igneous 7,973 
45 r z 36 |1.08) Reynolds, Jur OL | 25} 4,800 30| AF | Eagle Mills | 5,708 
13 |2.87| Nacatoch CreU 8 1,500 
46| 0| 202/0) «| « 31 |1.60| Buckrange | * CTe ss { zie0} 15| NLF | Smackover | 6,053 
47 71 0} 1,625a x 32.61.80] Hosston, CreL 8 30} 3,390 10; A _ | Smackover 5,965 
48 3,418 | 3,307 e ee Leb Jur OL | 14| 7,348 51} A | Smackover 7,700 
= acato 
ag] Oh 440! cl « oth ct vere \, Cre 8 | 25 ext 10| F | Eagle Mills | 6,143 
50] of 68) 0] 2]. « 20.7]1.30| { Hesston crake} | 8 | 25/{ 322311 10 a | cotton Valley | 4,501 
51} 18 0 | 0) 3,850 | 3,092 41.1/0.80) Reynolds, Jur 20} 7,390 20} A | Smackover 7,603 
52] OF DIO 2 |” 2 16 | 2| L Graves, CreU 25| 2770 | 10| A |Smackover | 5,836 
53] 1] O|o| =z] « 48.5] x Rodessa (Hill sand), 25| 5,944 | 20| A | Rodessa 6,997 
Nacatoch, CreU 


oe 
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The gas-oil ratio originally was 11,200 cu. 
ft. to the barrel, but steadily increased with 
an increase in the gravity of the oil. The 
well was classed as a gas-distillate well by 
the Petroleum Administration for War and 
closed to production until a second well 
could be drilled. The second well is the 
M. E. Luse No. 1, located by the Gerhig 
Company of Arkansas on 120 acres com- 
prising the S'4%¥ SW}, sec. 10, T. 20 S., 
R. 27 W., and the W144 of fractional sec. 
15, T. 20S., R. 27 W. This lease lies against 
the Louisiana state line. There was no 
production during 1943. 


TABLE 2.—Pressure Production 


Daily 

Sub- ond Produc- | Aver- 

Pool sea ing tion in age 

Depth, re 1943, Pres- 

Ft. ren Bbl. sure 
Change! 
JAE): 7,950| 880 910,034 ° 
Atlanta—West....| 7,990 80 25,921) —0.255 
mig Creele.. 2... 7,700 160 28,933, —0.216 
IC ENES Se. onca pee 6,900 | 1,170 662,286 —o0.068 
Columbia...-.... 7,793 40 9,589 o 
Dorcheat—Lime. .} 8,650 | 2,000 841,429 —0.698 

Dorcheat—Cotton } 

Ve ee 7,660 | 1,760 532,609 —0.726 
Haynesville...... 5,200 720 202,070| —0.904 
Macedonia....... 8,650 | 2,520 285,840, —0.674 
Magnolia...... +. 7,150 | 4,453 | 6,005,226] —0.200 
McKamie—Lime..} 9,000 | 2,880 364,558, +0.019 
MEA WHY < ves es 3 6,050 1,612 | 2,170,528} —0.249 
Mt. Holly—Lime..| 6,910 360 210,918} —0. 290 
New London..... 5,570 | 760 | 354,786)—0.904 
Schuler—East....| 5,350 340 204,660] —0.025 
Schuler—Cotton } 

AVENE Wencts, one's. 9,0 © 6,646 | 640 410,783) —0.548 
Schuler—Jones.. . -| 7,300 | 2,964 | 3,959,909 —0.0II 
Schuler—Reynolds| 7,350 606 747,244, —0.151 
Texarkana......- 7,000 160 10,092) —0.068 
AUT eee 7,050 520 436,952, —0.255 


1 Pounds per square inch change in reservoir pres- 
sure as determined by actual gauge. 


Wilmington —On Nov. 26, 1943, Kerlyn 
Oil Co. (Phillips) Frost No. 1 well, NW%4 
SIZ NEI, sec. 9, T. 17 5., R. 13 W., 
Union County, was completed successfully 
in the Lower Graves sand. The sand was 
perforated with 16 shots from 2770 to 2774 


_ ft. and produced 158 bbl. of oil in 16 hr. on 


the pump. The oil was 16° A.P.I. gravity, 
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the spacing one well to 40 acres, and as the 
year ended no pipe line was available. 

Magnolia-Cotion Valley—On Dec. 1, 
1943, Hollyfield and McFarlane completed 
the first Cotton Valley well in the Magnolia 
field of Columbia County. The well was 
Rowe No. 1, SW34 SW34, sec. 16, T. 17 S., 
R. 20 W., which it was necessary to aban- 
don in the limestone formation. The well 
was plugged back to 6000 ft. and perforated 
from 5870 to 5880 ft. As the year ended 
the well had produced 1151 bbl. of 42° 
A.P.I. gravity crude oil and a pumping unit 
was being installed. 

The opening of Cotton Valley production 
on the northwest edge of the Magnolia 
field may lead to some interesting develop- 
ments during the year 1944. 


REGULATION OF PRODUCTION 


The Arkansas Oil and Gas Commission 
continued to control production on an 
optimum rate basis through a greater con- 
centration on the system of true operating 
gas-oil ratios for each field. Volumetric 
proration began to take precedence over 
the old acre-pound basis. 
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TABLE 3.—Summary of Drilling Operations in South Arkansas 


Important Wildcats Drilled in 1943 


Location 
| otal Surface Deepest Horizon 
County Denis Formation Tested 
See. | Tp. | Ree. t. 
A.) As ey: 2 Xicemrcaise aoe oe a Ree eae ee Onn oe 2 |195 | 7W| 4,865) Terrace deposits | Eagle Mills 
2 || Bradley. of soon a een cee eee ae eae 28 | 15S | 10 W| 6,301 | Terrace deposits | Eagle Mills _ 
3) Bradleyssiisccnaatoeten tae een bearer ne 12 | 16S | 10 W)| 5,390 | Terrace deposits | Smackover lime | 
4\\ Calhoun. 40442 Stas ne ee ete ee er ee, 22 | 165 |13 W| 5,303 | Alluvium Smackover lime 
| Calhiotin, cate tants: eck etna ee we ee ee 14 | 168 | 13 W] 6,927 | Alluvium Eagle Mills _ ; 
Oi Calhouneae en tte emcee eae ete ie ene re 14 | 165 |13W]| 5,082) Alluvium -_—_| Smackover lime 
COBOL GmanaSery Sets Soe Weg ar.ace 30 | 148 |14W)| 4,537 | Terrace deposits | Smackover lime 
S| Calhouniwent ¢- arene 35 | 148 | 14W| 2,564 | Terrace deposits | Meakin sand (Ozan) 
9} Calhoun.>....... 12 | 158 |14W] 4,615 | Alluvium Smackover lime 
11 | 158 |14W| 4,590} Alluvium Smackover lime 
2 | 158 | 14W| 4,420} Terrace deposits | Smackover lime 
2 |158 |14W] 2,566) Alluvium Meakin sand (Ozan) 
8 | 158 |14W)} 4,699 | Alluvium Smackover lime 
34 | 158 |14W)] 3,510] Alluvium Cotton Valley | 
12 | 16S | 14 W) 3,146] Alluvium Hosston is} 
12 | 16S |14W)] 5,150 | Alluvium Smackover lime | 
35 | 14S |15W| 4,711 | Terrace deposits | Smackover lime ; 
13 13S |16W] 3,096 | Alluvium Eagle Mills 
2 |1838 }16W| 2,250) Alluvium Meakin sand (Ozan) | 
32-198 1W| 7,210 | Terrace deposits | Eagle Mills | 
21 | 10S | 9W!] 4,606 | Jackson Paleozoic | 
25 | 11S | 9W| 4,248 | Terrace deposits | _ Igneous 
27 | 108 | 11 W)| 3,745 | Jackson Paleozoic _ 
18 | 18S |}19 W] 8,356! Claiborne Smackover lime 
8 | 178 |18W| 7,410 | Claiborne Smackover lime 
18 | 185 | 19 W] 8,356 | Claiborne Smackover lime | 
23 | 178 | 21 W| 8,116} Claiborne Smackover lime 
14 | 16S | 21 W] 7,659 | Claiborne Smackover lime 
9 | 20S | 21 W] 6,337 | Claiborne Hosston 
10 | 17S | 22 WJ 8,306 | Claiborne Smackover lime 
9 | 20S | 22 W]| 6,315 | Terrace deposits | Hosston 
10 | 19S | 23 W} 10,600 | Terrace deposits | Smackover lime ‘ 
10 | 16S | 20W| 6,944! Terrace deposits | Smackover lime : 
23 78 | 1E} 4,651 | Aluvium Paleozoic 
34 | 138 | 26W] 4,938 | Terrace deposits | Igneous 
30 | 16S | 24 W!] 5,217 | Claiborne Pettit 
3 | 20S | 24 W] 6,326 | Terrace deposits | Hosston y 
4 | 168 | 26W|] 7,909 | Alluvium Smackover lime \ 
4 15S |27W] 6,695} Alluvium Eagle Mills > | 
9 | 20S |27W] 6,997 | Claiborne Hosston } 
1 | 19S | 28 W] 6,706 | Claiborne L. Glen Rose } 
22 3N] 3 W}] 3,164} Alluvium Paleozoic 
21 | 148 | 20 W] 5,577 | Claiborne Smackover lime | 
5 | 14S | 20 W}. 5,268 | Claiborne Smackover lime | 
18 | 148 | 22 W| 7,180} Wilcox Eagle Mills 
35° | 14S | 23 W] 6,191 | Wileox ‘Smackover lime 
33 128 | 20W|]| 4,333 | Wilcox Smackover lime 
31 | 13S |16W} 4,076) Alluvium Smackover 
6 | 14S |}17W] 4,215 | Claiborne Smackover lime 
22 | 15S |17W|_ 5,680 | Claiborne Buckner 
11 | 128 |18W] 3,204] Wilcox Smackover lime 
35 | 13S | 18 W] 4,210 | Claiborne Smackover lime 
31 | 148 |18 W] 4,506] Claiborne Cotton Valley 
19 | 13S | 16 W] 3,491 | Claiborne Smackover lime 
16 | 148 |18W] 4,573 | Claiborne Smackover lime 
6 | 158 | 19 W] 6,014 | Claiborne Smackover lime 
23 | 18S | 12 W| 6,275 | Claiborne Smackover lime 
14 | 178 | 13 W] 5,900 | Claiborne Smackover lime 
27 | 188 |13 W) 5,037 | Claiborne Cotton Valley 
9 | 17S | 13 W| 5,835 | Claiborne Smackover lime 
31 | 178 |14W! 6,710 | Claiborne Smackover lime 
12 | 19S | 15 W] 7,910 | Claiborne Smackover lime 
15 | 178 | 18 W| 7,260 | Claiborne Smackover lime 
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Initial Production Pressure, Lb. per 
per Day Choke Sa. In 
“Ha, — or Bean, _|—————____—_—_— 
Drilled by Oil Aig Ais eel Remarks! 
IS B illions | Of an Ine Casin i 
US. Bbl.| Gy RE g Tubing 
Union Prod. Co. 
Placid Oil Go. —— re abandoned 
Placid Oil Co. ny 
Placid Oil Co. D: and 
Placid Oil Co. Boe 
Placid Oil Co. , D.and' 4. 
Placid Oil Co. Laat 
Placid Oil Co. Lec 
Placid Oil Co. TS ett 
Placid Oil Co. D. and A 
cid Oil Co. 34 Pumping Producing from Ozan, Hamp 

Placid Oil Co. wee 
Placid Oil Co. ene 
Skelly Oil Co. D. aes 
Placid Oil Co. eee ES 
Placid Oil Co. ee 
Placid Oil Co. D. aaa ; 
Lion Oil Co Tees i 
Lion Oil Co. D. oa 7 
H. L. Hunt D. er A 
Lion Oil Co. D. sad ‘A 
Lion Oil Co. D. aad A 
alo tepbel Co b, and A 

ide Water 387 0.194 4 f 4 
H. A. Wright & Phillips Petr. Co. 297 134 lg rea oe ae Me Holle ectens ree 
Tide Water Assoc. 694 0.900 44 |Daaloomp.| 1,500 | West Atlanta lime field 
Roy Lee, Trustee 50 | 0.600 | 1964 1800 "| 1/900 | Columbia ae 8) 
J.R. a Trustee ; dA : 
Hunt Oil Co D: ET 
Lion Oil Co. D. a Ki 
Hunt Oil Co. D. and A 
Northern Ordnance Inc. | Dead 
Southwood Oil Co. D. and A. 
Hunt Oil Co. D. and A 
Barnsdall Oil Co D.and A 
N. H. Wheless D. and A 
W. G. Ray Drill. Co. D. and A 
Magnolia Petr. Co. D. and A 
Barnsdall Oil Co. D. and A. 
N. H. Wheless 138 1.5 1164 1,880 1,740 epee Rodessa Wisinger 
Northern oe Inc. D. and A 
Sohio Prod. C D. and A 
Plymouth Oil Co. D. and A ~ 
Plymouth Oil Co. D. and A 
Placid Oil Co. D. and A 
Hunt Oil Co. D. and A 
Hunt Oil Co. D. and A. 
De Kalb Agri. Assn. Inc. D. and A 
Jack Carnes D. and A 
Robert A. Stacy D. and A 
Jack Carnes D. and A 
Jack Carnes D. and A 
De Kalb Agri. Assn. Inc. D. and A 
Danciger Oil & Ref. Co. D. and A. 
McAlester Fuel Co. D. and A. 
J. R. Hayden, Trustee D. and A 
Lion Oil Co. D. and A 
Lion Oil Co. D. and A 
Phillips Petr. Co. D. and A. 
Phillips Petr. Co. 237 Pumping Wilmington field 
Fohs Oil Co. 103 0.154 H16 360 Nick Springs C. V. 
Carter Oil Co. D. and A. 
Atlantic Ref. Co. 168 0.045 | 3416 325 Dual comp. | Mt. Holly C. V. 


1D. and A., dry and abandoned. 


In Proven Fields | Wildcats 
Nennber on wells anillnig Deer dl, 104a. 242 -slle shots ne sa sndes ete et ciere dys ess telsie 43 20 
Number of oil wells completed during EL? 2 Oa ES el ee oe ee oc re TEN 133 4 
Number ‘of gas wells completed during 1943........-..- 22-0. -0 00sec cece eee ceeeeees 
Sy POR 51 62 


Number of dry holes completed during 1943 
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Developments in the California Oil Industry during the Year 1943 


By V. H. WitaEeLm,* 


CALIFORNIA had a record year in produc- 
tion and drilling activity, but the results 
have not been sufficient to keep up with 
the enormous increase in demand due to 
war activity. 

During the year, 164 dry wildcats were 
drilled, 80 dry wells in proved areas, 
31 gas wells, and 1158 successful oil-well 
completions for a total of 1433 wells, 
compared with a total of 765 in 1942. 

With new discoveries of only 20,000,000 
and production of 283,000,000 bbl. for 
the year, total reserves of California oil 
have decreased more than 250,000,000 bbl. 
However, revised estimates of the reserves 
of old fields indicate an increase in the 
state’s reserves Of 100,000,000 barrels. 

The completion of 1158 wells has 
served only to maintain the maximum 
efficient daily rate of production at 800,000 
barrels. 

There is evidence in many fields that 
oil is being withdrawn too rapidly to 
obtain the maximum recovery, and more 
rapidly than is conducive to good produc- 
tion practice. 

Statistics for 1943 as compared with 
1942 are shown in the table in the next 
column. 


SUPPLY AND DEMAND 


Steadily mounting needs of the military 
forces and increased industrial consumption 


The opinions or assertions contained herein 
are the private ones of the writers and are not 
to be construed as official or reflecting the 
views of the Navy Department or the Naval 
service at large. Manuscript received at the 
office of the Institute April 6, 1944 

* Commander, U.S.N.R., Los Angeles, Cali- 
fornia. 

+ Lieutenant (jg), U.S.N.R., Los Angeles, 
California. 
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raised total demand for all petroleum 
products on the Pacific Coast to 914,000 
bbl. daily in 1943. That all-time record 
demand was 149,000 bbl. daily higher 
than in 1942 and 214,000 bbl. daily above 
1941 demand. Despite restrictions due to 
shortages of critical material, crude-oil 
production was boosted from 680,000 bbl. 
daily in 1942 to 779,000 bbl. daily in 1943, 


Comparison of Statistics 


"Wear ncs cupc ctegsttt torn et ee 1942 1943 
Number of new productive 
wells. . 578 1,158 
Average initial "potential ‘of 
new well, bbl............ 296 205 
dees production, avg. bbl. 
PAV o. wassrisiepieeetois 680,000 778,597 
Grade attouanent; avg. bbl. 
Per Gay sss ucts een eee 680,100 783,563 
Demand in terms of crude, 
ave. bbl. per day......... 711,000 853,600 
Discoveries for entire year, 
BDL. cio ax ee ee ree ne 25,000,000) 20,000,000 


the highest level in 15 years. However, 
the new crude supply plus natural gasoline 
production and imports from other states 
totaled only 840,000 bbl. daily, leaving a 
deficiency between supply and demand of 
74,000 bbl. daily. 

That shortage had to be made up by 
withdrawals from inventories, which had 
been steadily depleted during the previous 
four years. Aboveground reserves, which 
totaled 159,574,000 bbl. on Jan. 1, 1939, 
were down to 98,000,000 bbl. at the end of 
1943. Significantly enough, the greater 
part of that decrease occurred during the 
last six months of 1943, when more than 
23,000,000 bbl. was taken from inventories 
of both crude and products. Although the 


size of total inventories on Dec. 31, 1943 


might appear substantial, about 65 per 
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cent was made up of crude petroleum and 
heavy residuum. Considering further that 
a large portion of the remaining refined 
products in storage are needed to carry on 
operations, -it is evident that the inventory 
situation was distressingly critical at the 
beginning of the year. 

Shortly before the close of 10943, the 
gasoline situation had deteriorated to such 
a degree that refiners were allocating 


‘civilian supplies to distributors. Despite 


curtailment of civilian use, demand for 
gasoline was running close to 300,000 bbl. 
daily (including naphthas) in the last 
quarter of 1943. The average of 268,000 bbl. 
daily for the full year was 14 per cent 
higher than in 1942 and was 26 
per cent above demand just prior to the 
war. Although more gasoline was produced 
in 1943 than ever before and some of it 
was put in storage during the first few 
months of the year, finished and unfinished 
stocks were 4,000,000 bbl. lower on Dec. 
31, 1943 than at the start of the year. 
With a large portion of the remaining 
inventory consisting of aviation gasoline 
and unfinished distillate, needing further 
treating and processing, what might be 
called “‘civilian reserves” were practically 
exhausted. With no prospect of improve- 
ment in sight, owing to the tremendous 
military demand for both aviation and 
motor gasoline, the civilian consumer is 
faced with the necessity of voluntarily hold- 
ing down consumption to a much lower 
figure than last year or accepting stricter 
rationing“possibly on a “priority” basis. 
Demand for residual fuel oils also was 
at an all-time high in 1943, as millions 
of barrels were delivered to the Navy for 
its Pacific operations. In addition, rail- 
roads and industrial equipment were 
operating under peak-load conditions, 
all contributing to a total heavy fuel 
demand of 450,000 bbl. daily, 28 per cent 


-above 1942 and 72 per cent higher than the 


1940 demand. 
Although heavy fuel production also 
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established a new record of 402,000 bbl. 
daily in 1943, it was 48,000 bbl. daily 
short of requirements, some of which were 
restricted. As with gasoline, the deficiency 
between fuel-oil supply and demand grew 
from 23,000 bbl. daily in the first five 
months of 1943 to 66,000 bbl. daily in 
the last seven months. Reserves built up 
during the period of excess supply in 1937, 
1938 and 1939 were gone before the start 
of 1943, and last year’s draft of 17,000,000 
bbl. reduced fuel residuum stock to less 
than 27,000,000 bbl. on Dec. 31. With 
better than two thirds of that amount 
considered necessary for processing and 
operating reserves, and with demand 
considerably in excess of supply, available 
fuel reserves probably will be exhausted 
before the end of the second quarter of 
1944. At that time fuel-oil consumption 
also will have to be reduced to a figure 
commensurate with production. 


New DiIscovERIEsS—OIL FIELDS 
San Joaquin Valley District 


The Pleasant Valley, or Guajarral 
Hills field, was the only oil field of impor- 
tance discovered in the state during the 
year. The discovery well, Standard Oil 
Company’s well 82-29 F, S. 29, T. 20 S., 
R. 16 E., one mile southeast of the Coa- 
linga Nose field, flowed at the rate of 819 
bbl. of 28.5° gravity oil from a depth of 
9142 ft., from Eocene sands. The new 
field is a permeability trap, or shore line, 
bordering the southeast end of the Coalinga 
Nose field. Productive area is expected to 
be 600 acres. 

On the Tejon Ranch, 6 miles east of 
the Wheeler Ridge field, Richfield Oil 
Corporation discovered an accumulation 
of heavy oil after drilling four dry holes. 
The discovery well, Tejon 5, had an 
initial production of 7o bbl. of .18.2° 
gravity oil. The well is producing from 
overlapped Chanac oil sand of Pliocene 
age. 
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TABLE 1.—Oil and Gas Production in California 


“ : f Oil 
Oil Production Gas Production, sei ae 
Total, Bbl.° Millions Cu. Ft.¢ Wells/ 
1943 
Field, County nee 3 8 
ke 5S = 

= 5 = To End During {To End | During = aa 
3 ca || ae of 1943 1943 of 1949) 61043 ena og 
EI anlage 2 | 2 eas 
E) tae EB ‘Su0) |S = 
Zz ro} Ay 3s [= S 
E g| 3 ee eee 
eI pa |< a ‘S) = 

San Joaquin VALLEY 

1| Belridge, North, Kern................ 1912} 1,930 47,802,432 soe 333,802] 10,491 pe 2 1 

2) Belridge, South, Kern...... 1911) 3,970} 26,411,918 2,374,783 el |s 530} 179 1 

3} Buena) Vista, Merns...ceeius 7 ce aes 1909| 22,000} 292,721,662 5,278,270 a Midway- 948) 42 10 

aricopa 

Al\CanaliiKertue sete ccaecrehceiecee ee 1937| 940 9,103,358 1,446,115 8,972 444 38 0 0 

5| Coalinga, East, Fresno..............- 1900] 6,400} 233,708,997 7,069,040 698} 81 8 

6] Coalinga, West, Fresno............... 1900] 11,370} 150,621,142 2,216,024 767| 45 7 

39,001) 14,416 

7| Coalinga Nose, Fresno................|1938] 3,030) 40,181,402} 17,977,139 169 1 0 

8} Coalinga, Northeast, Fresno........... 1939} 1,225 12,073,717 4,085,423 60 1 0. 

9| Coffee Canyon, Kern.................|1928} 520 10,917,063 675,660 1 1 65 0 ee 
10} Coles Levee, North, Kern............. 1938} 2,700) 13,791,540 Tineneo | 34.801 922 { 83 Ve RS 
11| Coles Levee, South, Kern............. 1938} 3,200 6,363,586 1,108,550 = ; 53 0 0 
12} Edison, Kern.. Law wie wre s «| LOSE) “E666 10,218,981 892,399 Incl. ee 126 7 2 

iew 

1S HlksHills: Kone. pesncirder cae ae neces 1919] 10,000] 167,473,581 5,373,276 82,427 784 285) 20 1 
14) Pruitvaley Kenn :cuccne asec see oe ae 1928} 2,050) 29,163,052 2,542,880 1 1 188 a 1 
bil Greeley Kern: ctr raee eres ster teenies 1936| 2,200 13,812,714 4,827,187 23,084; 4,314 84 6 1 
LG) Helm; Kerns scans ria teieaemecn ee 1941] 3,380 250,208 166,854 2,183} 1,359 13 4 0 
Rijacalitos; Kents ere eee one nee 1941} 800 178,375 118,229 1 1 bf 1 0 
1S ern i rOnt wenn eee ae eee metre 1925} 3,975 52,634,151 2,663,487 1 536 66 0 
19) Kern River, Kern... asta ......-|1899} 6,700) 283,449,231 3,094,996 1 2,334 3 0 
20) Kettleman North, Pee Pay Coa 1928} 16,720) 280,505,767 | 15,289,757 | 1,659,568) 80,004 348 8 3 
2 Ul Dos tiblills SK enmaras.ciasaten sr etcteiery ake 1910} 2,560} 54,015,359 1,322,301 1 1 407; 10 1 
22) MoGhing, ‘Kern. ccm mec scietsta. ger 1943 80 18,729 18,729 24 24 2 2 0 
23| McKittrick District, Kern............ 1887] 1,525 95,864,658 1,711,926 1 357 23 7 
24| Midway-Maricopa, Kern............. 1901) 33,000} 660,321,448 | 14,928,802 397,290} 9,304 | 2,890) 115 9 
25) Mountain View, Kern............ ..../1933] 2,430) 48,535,039 1,390,218 51,004 798 173 0 4 
26] Mt. Poso District, Kern.............. 1926] 2,800) 70,171,529 8,349,902 1 1 467| 46 2 
DA EalOMA wenn ste ate cee nin denier ...]1939] 2,200 778,707 297,247 2,623 703 10 1 0 
28] Pleasant Valley, Fresno............... 1943} 500 234,813 234,813 187 187 6 6 0 
29| Poso Creek District, Kern............ 1929} 1,370 5,980,160 1,501,732 1 1 165 62 0 
30) Raisin City, FPresno............-<s--- 1941} 1,000 749,333 381,188 2,966 418 15 5 2 
31 Rio Bravo: Kerneasce cna emai ias 1937} 2,140 21,761,379 5,448,121 23,665) 6,242 101 1 0 
$2) Riverdale, Fresno............05.-.--. 1941} 2,500 699,025 601,274 1,095 731 32 19 0 
33} Round Mountain, Kern.............. 1927) 1,500 27,830,945 3,447,544 1 1 224 32 0 
34| Strand, Kern. satarel tks Peishete le sagen reel 1939 380 2,312,116 683,879 1,572 485 18 3 0 
80/) Den SecuOny Aerts «male sys sees 1936} 2,260) 26,947,986 6,557,724 48,103) 17,070 123 0 0 
SO) Vejony Kern.rccmce awe taommes coemene 1943 80 3,552 002 1 I 1 2 0 
37| Union Avenue, Kern................. 1941} 200 156,959 40,916 460 10 5 0 0 
38}; Wagon, Kerniatiic seis stetgecutentsaenires 1938] 360 2,948,985 779,486 x 275 13 0 0 
39] Wheeler Ridge, Kern................. 1922} 300 4,113,442 94,118 x 72 34 0 0 
40] Williams (Antelope Plains), Kern...... 1942} 260 842,193 751,094 478 478 PAU HET gas Ut 0 
AN OURGESH, aaron, cn tree aie eee re ier: 1,059,509 79,718 x 0 62 3 3 
42| San Joaquin Valley total............. 2,701,728,743 | 182,738,695 x} 149,531 | 12,586} 817] 63 


» Footnotes to column heads and explanation of symbols are given on page 270. 
‘ Production of gas is small and not disposed of commercially. 3h 
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Wells Producings| Reservoir Char- Deepest Zone 
Pressure, acter Producing Formatio’ Tested? to End 
Dec. 1943 Lb. per Sq. Tn. of Olé 4 n es' - He nd 
Oil iy 3 
S$ |3l4 S) 8 
3 2S 2 |e |e Name and Age? 5 Se. aia Name 
g = 3 [eid] = 2 PES et] fs foe 
ete |= = | & |dipeiss & iB) 23" se) & Sh 
e| =| 2s] 2 3 | ele8ias = /2| 82 \3e 2 38 
Ac} == = B ysl © qe RN 
Biel 24 jo] & | = [alo*|e*| 6 lel ASS |E<| 3 re 
San Joaquin VALLEY 
2,300) 1,500 | Etch.- Temb.-Vaq.,| S |14 4,917| 625) A | Cretaceous 10,800 
1} 40) 7 31) { 5350 1aoo } | & (34-5)0-25] Se anc 
2 2} 461) 3 24 |0.83) Etch-Temb., Pli, Mio} S | z 800; 50} A | Miocene 11,377 
3 808 G |26.6)0.59 - eet ae Clay-} S |25 2,665 50} A | Miocene 14,622 
tch., 
4 26 8} 1 Stevens, Mio 8S |22 8,250} 160) A | Miocene 13,400 
5 589 Etch.-Temb., Pli, Mio} S$ |25 1,860} 170) AUP} Cretaceous 9,418 
6 696 ree Sta. Marg.,} S | z 900! 180) MUP] Cretaceous 4,883 
io 
7} 152 4, 3 Avenal, Eoc § |19 6,400} 360) MU |} Eocene 8,416 
8) 49 3 Avenal, Eoc S |23] 7,980] 130/ MU | Cretaceous | 9,614 
9 63 Vedder, Mio S|z2 1,600} 60) MU a with Rd. 
t. 
10 68 i 1 Stevens, Mio S |20 8,000) 320) MC | Miocene 10,120 
ll 25 Stevens, Mio S |20 8,300} 200} MC | Miocene 10,101 
{2 115 el ati! S jc 1,500} 125) MU | L. Miocene 6,764 
Pli, Mio 
13 2} 228 San Joaquin Clay-| S |38 2,600} 75! A | Miocene 11,177 
reagan Pili, 
Lio 
14 6} 161 |19.8/0.60| Etch.-Chanac, Pli S | 2]  3,000/ 88) MU | Jur.Schist | 10,590 
15} 70} 10) 3 rer ee | 38.510. 28) Stevens-Vedder, Mio | S |21| 11,430} 290| AM |L. Miocene | 12,504 
16} 10 aoe bay 65 |0.02, Temblor-Eoc., Mio,| S |30] 7,300] 50) A | Cretaceous | 10,257 
Eoc 
wo a 6 140 |0.48) Temblor, Mio, Eoc | S | z} 3,865) 11) AF | Cretaceous | 6,031 
18 510 14.4/1.29| Etchegoin, Pli S |35 1,700} 80| MF | Jur. slate 6,211 
19 2,072 13.3|1.07| Kern River, Pli | S |35 400| 130} MU | Oligocene 4,852 
20] 100] 67| 93] { 3200] 1.8001 | p /a6. slo. a0] Temblor-Avenal, Misys 15) { 10 '300| $850] A. | Cretaceous | 12,884 
21 372 (aay! vs 18 |0.99| Etchegoin, Pli § || 1,170/' 80] A | Miocene 7,858 
22 2 29 z| Stevens, Mio § }22} 7,482] 15] A_ | Eocene 13,131 
23 293 14.2)1.02) Etchegoin, Pli S ike 350] MUF!| Miocene 6,664 
24 2,613 17.5|0.75| Etch.-Maricopa, Pli,| S (30 1,950 65| MUF| Miocene 10,410 
Mio ? 
25 149 26 |0.66| Chanac-Sta. Marg., S |c 6,080} 55| MF | Granite 8,624 
, Mio : 
26 45. 15.4/0.71| Vedder, Mio § |35 1,600) 150) MF | Granite 3,130 
pad 3 : 4,750| 4,200 | P |21 |0.20 ieee Mio S$ 20) 10,140} 200) A | Miocene 11,811 
28 5 1 29.5| | Avenal, Eoc S |14 8,940] 200) A | Hocene 9,151 
29 159 13.7| | Vedder, Mio 8 |Z 2, 35| MU oe Rd. 
30 8 4 30 |0.16| Temblor-Eoc., Mio,| S |21; 5,040} 10) A Cretsoeous 9,562 
Eoc Oe 
_5|0.32| Vedder, Mio § |22) 11,249] 220) A_ | Jur.-schist 14,108 
32 rH es td oe ey me pipes Sone S |z 6,500} 35) AU | Jur.-slate 11,990 
33 218 16.5|0.60| Jewett-Vedder, Mio S |34 1,950 66] MF | Oligocene 6,070 
34 16 2 3,600 35 |0.37| Stevens, Mio : - ae He y Mioeae ies 
, Mi ; ioce H 
36 cy i ote pect a 133 ee ee Phi $ | z|  2;620/ 40] MU | Miocene 4,542 
37 5 14.0| | Chanae, Pli S | 2] {4505} 30) | Oligocene | 10,427 
0.26] Vedder, Mio § |15} 13,100} 25] A | Eocene 15,004 
30 . a4 cle hye as Eteh.Sta. Marg., Pli,| 8 2,000) 40) A | Oligocene 11,204 
Mio - 
40 4 14 16.6|0.77| Miocene, Mio 8S |30 2,200| 60} AU | Oligocene 3,584 
41 2 ll 
42| 842) 10,150)115 
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TABLE 1.—(Continued) 
a ee eee 


: f Oil 
Oil Production Gas Production, ee he 
Total, Bbl.° Millions Cu. Ft.¢ i 
, Wells 
1943 
Field, County Ay 3 = 
& Co 
é = To end During Toend | During = i 
83 a of 1943 1943 of 1943 | 1948 | FR] | oo 
F Al 5 ac|2| 3 
on Ex) a =] 
A t=) a Seg a a 
= al Sa|8| 3 
3 >| 4 & Olas 
Coastat District 
Santa Barbara District 
43| Capitan, Santa Barbara............-- 1929 296 7,669,100 1,178,449 4,340 500 57 0 1 
44| Elwood, Santa Barbara............--- 1928) 480 70,981,286 1,689,567 66,485} 1,668 0 2 
45) Santa Barbara, Santa Barbara......... 1929 165 3,453,336 40,835 0 0 
Santa Maria District P 
46| Casmalia, Santa Barbara.......-....- 1904| 1,010 14,810,977 146,291 3 5 
47) Cat Canyon, Santa Barbara..........- 1908) 1,550 22,080,344 1,551,739 - 9 2 
48] Gato Ridge, Santa Barbara..........- 1931 440 8,094,985 1,300,933 5 0 
49| Lompoc, Santa Barbara..........-..- 1903] 2,735 11,208,551 598,141 1 5 
50} Orcutt, Santa Barbara..............-. 1903] 4,220} 100,098,028 1,472,024 1 5 
51) Santa Maria Valley, Santa Barbara... .|1934| 5,610 37,939,883 8,267,837 12,929} 5,363 23 1 
Ventura District 
52] Padre Canyon, Ventura.............. 1936} 180 2,443,461 365,962 0 0 
53\\Rineon> Ventura. J. 25 -eeeessceseer 1927 425 16,302,517 1,212,387 5 4 0 
54] San Miguelito, Ventura............... 1931 430 8,678,834 1,591,134 12,351) 2,950 29 2 0 
55] Ventura Avenue, Ventura............. 1916} 2,060} 267,989,587 | 15,489,320 883,552] 38,297 496 24 1 
Santa Paula-Newhall District 
56| Bardsdale, Ventura. .....<........++- 1894} 320 3,531,465 61,922 1 1 38 2 6 
57| Del Valle, Los Angeles...............- 1940) 500 2,165,291 928,136 5,911] 2,530 28 7 0 =| 
58] Ex-Mission, Ventura................. 1875 130 22,175,0052 11,435 1 1 0 6 | 
59} Holser Canyon, Ventura.............. 1942 30 19,870 13,277 1 1 8 | 
60] Hopper Canyon, Ventura............. 1887} 153 6,370,9848 46,058 On 5 { 
61] Newhall, Los Angeles................- 1875 110 5,886,7234 24,608 0 21 
62] Newhall Potrero, Los Angeles......... 1937} 550 5,579,746 1,963,127 9 0 
63] Oak Canyon, Los Angeles............. 1941 240 490,123 289,065 1 0 
64) Oxnard’ Venturassacce ae. © tee eer 1937 490 649,340 170,118 0 y 
65] Sespe Canyon, Ventura...............|1887] 289 3,103,465 70,700 0 6 
66] Shiells Canyon, Ventura.............. 1911} 510 11,175,866 308,866 4 J 
67| Simi-Conejo, Ventura................ 1912} 635 2,381,672 2 
68} Sisar-Silverthread, Ventura. . ...- {1885} 330 1 6 
69| South Mountain, Ventura.............}1916 785 23,742,077 0 6 | 
70}; Temescal, Ventura. 2.050. o<aeecr ss < 1924 2,506,997 3} 6 " 
71| Timber Canyon, Ventura............. 1885 0 6 
72| Torrey Canyon, Ventura.............. 1896 i Mee) 
Other Coastal Counties 
73} East Elberta Pool, San Luis Obispo... .|1943 20 3,077 i 0 
74! Pismo, San Luis Obispo.............. 928} 200 106,894 0 0 
75| Sargent, Santa Clara........-ccve.se- 1886 60 331,341 0 0 + 
76 OES Han clnwtns wetalslapemn cermaaa aewrris 4,020,303 0 0 
77| Coastal District, total................ 665,991,128 102| 28 


2 Includes: Ventura-Ojai, Tip Top Fresno, 
3 Includes: Modelo, 
‘Includes: Wiley-Towsley Canyon. 


Sisar-Silverthread, and Timber Canyon. 


Tapo Eureka, and Torrey Canyon. 


5 Included in Cat Canyon. 


6 Included in Newhall. 


pier a 8 
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Reservoir 


Wells Producing? Char- Deepest Zone 
Dec. 1943 Pressure, acter Producing Formation Tested? to End 
Lb. per Sq. In. of Oil of 1943 
Oil 2 . | 
a “*, g 
rd o ~_ 
e181, E a. 
* is = = e a N ; = a, wo As ¥ 
8 = sa . a Name and Age a ltteae = ei Name 
7 = . 3 ke 3.5 > = 4 
e s)2/2/ |. | & lies § [3] 23% |e] 3 sé 
.: = a | 3 |Slesles £2) 2e2/ee| = ag 
5 = BS Ss |s./45 ajel a. > Ao 
ae a 4 2 |&l5 2% & || Ses | e< E aa 
Coastau District 
43 52 28 |0.45] Vaqueros-Sespe, Mio, | S | z 1,150} 135} AF | Sespe 4,071 
44 1) 58 33.7|0.30 roan let Sige S |25} 2,800} 330) AF | Eocene 7,151 
0, 
45 17 17 |0.60} Vaqueros, Mio S |z 1,960} 75] MF | Sespe ~ 4,730 
46 10 one 2.84 ae oc ee Foie 1,200) Fis | A | Miocene 3,900 
‘ io 
47 12 33 |13.5)4. 13) Sisquoc, Mio §, H] z 2,000) Fis | A_ | Cretaceous 7,199 
48 24 13.9)5.42 oe H|z 1,800} Fis | AF | Vaq., Mio 6,510 
oul io 
w' 49 1 29 20.5)3.4 Biiany, Mensteny: 8, H} z 2,200} Fis | A | Miocene 4,310 
>! io 
i 50 199 22.6)2.63 i ed ace S, H| z 1,100! Fis | A | Sespe-Olig 5,915 
4 io ‘ 
15.9|4.64) Monterey, Mio S, Hi z 4,000) Fis | MU | Franciscan 8,133 
me 51] 58) 195 1,750 G “ 
4 52 4 16 2,400; 800 29.1|0.80) Pico-Repetto, Pli 8) 2 4,800! 140} AF | Miocene 6,751 
- 53 10 58| 7 30 {0.80} Pico-Repetto, Pli 5.1. 2,500} 140| A_ | Pliocene 10,515 
eS ee 1} 1) 2,720)1,800 | G /30 Pico-Repetto, Pli S$ || 5,500} 680) AF | Pliocene 10,030 
Ft, 55| 195) 151} 94) 2,750 30 0.73) Pico-Repetto, Pli S|2 3,400| 3,000} A | Pliocene 11,516 
a 
tf 56 28 2,000 32.1|0.83| Sespe-Tejon, Olig, Eoc| 5S | z 500 z| A | Eocene 6,804 
“a 57 19 8 2,800 32 |1.21| Modelo, Mio S |28 6,037} 107| A | Miocene 9,850 
7 58 23 25.2'0.70| Repetto, Pli Sj 500 z| MF | x 
— 59 2 16.5 Modelo, Mio S|z 5,200 ie A tt z 
a 60 23 29 Modelo, Mio S | z} 1,500 z| A | Miocene 2,200 
a 61 25 2,300 20.0 Modelo, Mio S|z z| A_ | Eocene 4,300 
= 62) 36 2} 1| 3,200 33.3|0.54| Modelo, Mio S |16] 6,160} 230) AF | Miocene 8,120 
= 63 5 3 33  |0.83} Modelo, Mio S |22 2,365} 80] A_ | Miocene 8,090 
LF 64 3 8 Modelo, Mio S$ | z| 2,100} 200) MU | Miocene 4,285 
= 65 22 26.0|0.50| Sespe, Olig S$ |z 400| _ z| A, S | Oligocene 3,595 
S 66 114 33.00.69) Sespe, Olig S|z 2,100} 640} A | Eocene 7,428 
> 67 54 28.10.68) Mi os, Koc S |2z 1,100 z| A_ | Kocene 3,934 
- 68 70 18.5| | Sespe, Olig $ |z| 315] | MF | Eocene 3,934 
= 69 94 23 .9|1.73| Sespe. Olig $ | z| 2,200] 956) A | Eocene 6,702 
70 20 22 Modelo, Mio Siz 2,000 z| A Miocene 4,584 
- 71 8 28.7 Repetto-Modelo, Pli,| S| z| 3800/2] MF | Miocene 3,300 
Y io 
4 72 38 27.5 Vaqueros-Sespe, Mio,| § | z 700 z| AF | Miocene 2,500 
e Olig 
od - 5 
ae 1 18 Monterey, Mio 8 |z 3,000} 50) z | Miocene 3,155 
eh 2 Monterey, Mio H|z| 2000; 900] S |Jur. schist | 4,425 
1: 75 8 13 |0.86) Monterey, Mio 8, H| z 900} 600} AF | Franciscan 3,583 
i" 76) 10 
3 77| 366} 1,401/103 
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Oil Production Gas Production, eee oe : 
Total, Bbl.¢ Millions Cu. Ft.¢ ri 
Wells 
1943 
Field, County > 2 e e 
o = 
5 <= To End During To End | During = es 

S =) of 1943 1943 of 1943 | 1943 = S| 
re} i dD i) io] oO 
E Biles Se fe les 
Z ce Sg ls ec ews 
2 g| 8 2a/8| 3 
| pm | a & © |= 

Los ANGELES Basin 
78} Alamitos, Los Angeles................ 1931] 200) 24,742,330 280,067 1 1 37 0 0 
(Ol Aliso, Los Angeles... < .2c.0cts a0 0 s0n 1938) 950 3,179,066 755,428 x 650 23 3 0 
80] Brea Olinda, Orange................- 1889| 1,680) 175,846,424 4,247,839 64,373] 3,234 425 6 0 
81) Buena Park, Orange................. 1942 100 86,899 48,238 1 1 1 0 i 
82! Coyote, East, Orange................. 1911} 1,160 47,687,826 2,054,516 144 12 1 
61,470} 5,868 
83] Coyote, West, Orange................ 1909] 985) 133,650,673 4,420,685 172 4 0 
84| Dominguez, Los Angeles.............. 1923} 1,200) 147,297,850 9,123,363 242,953] 15,305 310 3 4 
85] El Segundo, Los Angeles.............. 1935 930 10,923,294 362,796 7,787 154 38 0 1 
86] Huntington Beach, Orange............ 1920} 2,200} 326,208,279 | 13,216,799 331,074) 10,973 822 66 19 
87| Inglewood, Los Angeles............... 1924} 1,075} 139,345,042 6,908,649 106,515) 7,063 313 3 0 
. 

88] Kraemer, Orange. -;..4-...--.-.0.-.- 1920) 200 1,589,371 36,025 Inc. in Richfield 10 0 0 
89] Long Beach, Los Angeles............. 1921) 1,600} 688,194,067 | 11,552,171 891,812) 9,952 | 1,260) 1] 63 
90} Los Angeles dist., Los Angeles......... 1892} 1,627 66,400,822 177,699 1 i 92 0 0 
91} Montebello, Los Angeles.............. 1917| 1,750) 135,138,023 3,964,060 110,880) 4,452 382} 19} 30 
92| Playa Del Rey, Los Angeles........... 1934) 670 49,645,172 959,811 51,022 762 133 i 6 
93] Potrero, Los Angeles................. 1928 220 4,929,700 335,412 z 595 24 0 0 
94) Richfield, Orange..................-- 1919} 1,370 97,331,499 2,517,285 89,578} 2,179 306 4 2 
95] Rosecrans-Athens, Los Angeles........ 1924 850 53,074,865 2,192,113 132,868} 5,140 195 2 3 
96) Santa Fe Springs, Los Angeles.........|1919] 1,630 492,234,064 7,302,985 686,175) 6,397 611 0 14 
97| Seal Beach, Los Angeles.............. 1926} 310 70,975,907 2,585,656 106,388} 2,290 105 1 2 
98| Torrance-Hermosa, Los Angeles........ 1922} 6,200] 110,049,430 2,832,044 80,654; 1,701 719 37 24 
99} Turnbull Canyon, Los Angeles......... 80 245,038 121,836 154 88 6 1 0 
100] Whittier, Los Angeles................ 600 19,172,564 376,197 484 177 0 0 
101) Wilmington, Los Angeles.............. 1935 4,400] 207,828,688 | 34,360,008 171,885} 32,339 | 1,191] 70 i 
LO2\ Korba lindane eneee eee 1919} 300 1,287,522 397,087 1 31 8 0 
LOSt Others! acc: atten. ia eens eee 1,948,497 34,865 z| 5,784 42 3 0 
104] Los Angeles gets LOtAL Een eee 3,009,012,912 | 111,163,634 z| 115,410 | 7,569] 244! 171 
LOS" SS TAmnMT OTA ener aeaete re ceeAn 6,376,732,783 | 283,662,445 z| 328,654 | 22,425] 1,163) 262 


ee eee ee 
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TABLE 1.—(Continued) 


Wells Producing? Reservoir Char- Deepest Zone 
Dec. 1943 ie ont Producing Formation Tested? to End 
of 1943 
Oil f 
a |8 5 =. 
an we = S)4 o et aD 
4 a = & jal, Name and Age# b) Sa. | B= Nate 
ee ee a le % |S) S85 | £5] ¢ 3 
ae ee — | & |dipelss S |3| SB™ | ee) § SF 
2 ES 52 | P SlEola.. z 2) 38) 30) 8 as 
ev osiee 1 os © | s)eel/Ss ze) BS | Bel B BS 
Be sie] < ld] 4 <2 | Bld 21a & |§| a3 as| ae AR 
Los ANGELES BAsIN 
. 
| 
78 1 33] 1 26.81.07 fg; ane tenes S | 2} 4,635) 250) AF | Miocene 9,054 
79 6 2} 10) 1,750) 1,390 24 (|0.47 Pico-Repetto-Modelo, S | 2} 4,795) 170) M | Miocene 9,291 
, Mio 
80 5} 358) 4 22.5|0.97 += stergheor: PR 8 ie 260) 800} AF | Miocene 8,021 
Mio 
81 1 20.9|2.42) Repetto, Pli ees Me 8,900} 55) AM | Miocene 10,044 
82 1 138 25 11.46 ST ieee Pli,| S | 2 2,450} 153) AF | Miocene 9,084 
io 
+ 83 20 132 28.9/0.90) Repetto, Pli . 8S |22 2,800} 473| D | Miocene 9,200 
. 84 33|  901| 45 4 sono < \ 30. 410.85 Gi Seni Pli,| S |28} 3,800) 1,460] AF | Miocene 12,720 
eo 85 34 21.8/2.98) Puente, Franciscan,} S, | z 6,890} 50) AF | Franciscan 8,009 
“gh Mio, Jur _ | Fis schist 
; f 86 29! 707) 1 tre \ 23.51.30) Sree, Pli,| S [28 1,900) 1,200] MF | Miocene 9,054 
22.02.51) ) Pico-Repetto- Sjz 1,073} 975) AF | Miocene 10,598 
) Lid eras Ue { 32.0/0.93 \ Puente-Monterey, 
; Pli, Mio ; 
88 10 23.0) =z a Sager’ wa Pli,] S | 2} 4,100 z| A sages Rich- 
Mio e 
89 1,184 . |25 {1.25 Eo Hendin Puce S |30| 2,377] 1,650] AF | Miocene 10,720 
, i, Mio 
90 91 13.7|1.0 | Repetto-Puente, Pli,| S | z 475 9| AF | Miocene 5,074 
j Mio L : 
91 325| 29 { =4 Mt a hag aime Pli,| S | z 1,730} 800; A | Miocene 9,334 
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Midway between Helm and Riverdale, 
the General Petroleum Corporation dis- 
covered a new field by the completion of 
its “Burrel” 68-35 flowing 342 bbl. per 
day of 31.4° gravity oil from 12 ft. of 
Temblor sand of Miocene age. 

During the year the Helm field, dis- 
covered and controlled by the Amerada 
Petroleum Corporation, was extended by 
the Superior Oil Co. This field now has a 
productive area of 3380 acres. The previous 
production from Temblor sands had failed 
to maintain sustained production because 
of the thinness of the sand and high gas-oil 
ratio. 

The Seaboard Oil Co., in partnership 
with the Tide Water Associated Oil Co. 


and the Union Oil Co., extended the Raisin 
City field in Fresno County 114 miles to the 
northwest by the completion of well 
S.T.U. 53-14 for a 480-bbl. rate of 24° 
gravity oil from a depth of 6305 ft., 
from sands of Eocene age. Previous produc- 
tion in the field was from thin Miocene 
sands. 

Later the Shell Oil Co. extended the 
productive area of the Raisin City field 
an additional mile to the west by the 
completion of San Joaquin 1-1 for 44 bbl. 
of 22.4° gravity oil and 1000 M cu. ft. 
of gas from a depth of 5020 ft. from thin 
Miocene sands. All of the fields discovered 
in the San Joaquin Valley north of Coalinga 
in recent years are producing from very 
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thin sands, and because of their relatively 
small volumetric content do not add 
appreciably to the state’s oil reserves. 

The Pacific Western Oil Co. discovered 
a small field north of Kern Front and 
west of Mount Poso oil fields by the com- 
pletion of Enos No. 6, pumping 26 bbl. 
of 12.2° gravity oil. Production is from the 
Chanac sand of Pliocene age and closure is 
either by overlap or faulting. 

A small fault-line field was discovered 
2 miles west of the Round Mountain field 
by the Bandini Oil Co. with the completion 
of “Signal Mills” No. 1, for 150 bbl. of 
16° gravity oil from a depth of 2435 ft. 
Production is from the Vedder sand of 
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Miocene age and the productive area 
is estimated at 8o acres. 

In the McClung area, Kern County, 
another small discovery was made by the 
Continental Oil Co. with the completion 
of K.C.L.-G No. 1 at a depth of 7518 ft., 
with an initial production of 250 bbl. per 
day from sand of Miocene age. 

The -Republic area of the Midway 
field near Fellows was extended for 50 
additional acres by the completion of 
Chanslor-Canfield Midway Oil Co. well 
No. 79-6, for 173 bbl. of 20.4° gravity oil 
from 3070 ft., from the Republic sand of 
Miocene age. 

The Standard Oil Co. extended the 
Greeley field for 14 mile to the south by the 
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completion of its Wegis Community No. 1, 
for 300 bbl. of 35° gravity oil from a depth 
of 11,600 ft. from the Vedder sand of 
Miocene age. Future drilling may prove 
this well to be on a separate structure. 


Coastal and Los Angeles Basin Districts 


No new fields were discovered in the 
Coastal and Los Angeles Basin districts. 
There were added, however, several new 
“pools and extensions of old ones. 

Two new pools were discovered in the 
Del Valle field in Los Angeles County. 
East of Del Valle, R. E. Havenstrite, in 
his Barnes No. 2, discovered the Bering 
pool at a depth of 9629 ft. Formation is of 
Miocene age. Initial production was 
1600 bbl. per day of 43° gravity clean oil. 
West of Del Valle, Bankline Oil Co., in its 
Sterry No. ror, discovered the Sterry 
pool at a depth of 4500 ft. Formation is of 
Miocene age. Initial production was 
100 bbl. per day of 23° gravity oil with 
some water. 

A new zone was discovered in the Pismo 
field, San Louis Obispo County, by the 
Los Nietos Co. in its Scott No. 1 well. 
This is a small well producing from sand of 
Miocene age at a depth of 3155 feet. 

Standard Oil Co. extended the Cat 
Canyon field in Santa Barbara County 
by the completion of its South Basin- 
Lloyd Community No. 1 at a depth of 
4705 ft. in sand of Miocene age. This is a 
roo-bbl. per day pumper of low-gravity oil. 

Los Nietos Co. extended the Bardsdale 
field by the completion of its Elkins No. 1 
well at a depth of 4919 ft. in sand of 
Miocene age. Initial production was 
125 bbl. per day of 20° gravity oil. 

The intensive wildcatting activity of the 
year, 185 wells, fell far short of the dis- 
coveries and additions hoped for, but it 
did develop six small fields and seven 
extensions of old fields. However, in the 
main, all the discoveries of the year are 
small and additions to reserves from new 
fields will not be over 20,000,000 barrels. 
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New Discovertes—Gas FIELDS 


The year 1943 was remarkable for 
the number of gas fields discovered. 
All of these fields are in northern Cali- 
fornia, and were the result of geophysical 
exploration. 

Near Lodi, Sacramento County, three 
gas fields were discovered, two of which 
are very’small in area and produce gas of 
doubtful value because of the presence of 
from 21 to 34 per cent nitrogen. The 
important discovery was made by the 
Amerada Petroleum Corporation with 
the completion of its Capital Company 
No. 1, producing 6800 M cu. ft. from a 
depth of 3390 ft. Production is from Eocene 
sands, with an average thickness of 30 ft. 
Subsequent development indicates that 
the total productive area is not more than 
500 acres. The gas is marketable, having a 
heating value of 972 B.t.u. with 7.2 per 
cent nitrogen. 

Six miles north of Lodi and 6 miles 
west of the Amerada discovery, Bankline 
Oil Co. discovered a one-well field by the 
completion of its Community 1-1 for 
8000 M cu. ft. from the Capay sands of 
Eocene age at a depth of 2340 ft. The gas 
has a 34 per cent nitrogen content with a 
B.t.u. value of 680. 

Three miles northwest of the Bankline 
discovery, Amerada discovered a small 
field by the completion of its Lodi Com- 
munity 9-1, producing 7200 M cu. ft. 
from a depth of 2270 ft. in the Eocene 
sand. The gas contains 21 per cent nitrogen 
with a B.t.u. value of 750. 

Near Mendota The Texas Company 
discovered the Gill Ranch gas field, with 
the completion of its Gill 14-16, for 4900 
M cu. ft. from a depth of 4500 ft. from 
Domingine sands of Eocene age. The gas is 
97 per cent methane with a B.t.u. value 
of 1000. Net sand thickness is 29 ft. and 
the estimated ultimate productive area 
is 2000 acres. 

Five miles northwest of the Gill field, 
The Texas Company discovered the 
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Moffat field with the completion of its 
Moffat 1-7 for 7ooo M cu. ft. from a 
depth of 4308 ft. Production is from the 
Eocene sands, with an estimated productive 
area of 600 acres. 

The most important addition to gas 
reserves of the year was the discovery of 
deeper gas sands in the large Rio Vista gas 
field. Standard-Texas Midland Fee No. 5 
was brought in producing 20,000 M cu. ft. 
from 180 ft. of Eocene sand. Approxi- 
mately 4000 acres of the 25,000-acre 
area of the field is underlain by this sand. 

In Colusa County the General Petroleum 
Corporation discovered a new gas field 
by the completion of its Capital No. 1 
for 4500 M cu. ft. from a depth of 2040 feet. 


REFINING 


The refining industry perhaps has made 
more progress during the year than it 
had for the whole preceding decade. 
Twelve new t1oo-octane plants are or 
soon will be in operation in California. 
Six more are under construction. The 
new-type refineries permit an increased 
recovery of aviation gasoline of 700 per 
cent for each barrel of crude, with a 
resultant decrease of 30 per cent in auto- 
motive gasoline and a Io per cent increase 
in fuel oil. The~ so-called 100-octane 
gasoline of 1943 is also far superior for 
aviation purposes to the prewar 100-octane 
gasoline. Although it is called gasoline, 
the new aviation fuel is not a gasoline 
but a new type of fuel produced by re- 
arranging the molecules through the use of 
catalysts. 

Although the actual figures are not for 
publication, it is estimated that at the 
end of the year more than 50 per cent of 
California’s gasoline supply was_ being 
used. by the armed forces, whereas the 


military was consuming 35 per cent of the 
nation’s total supply. 


CONCLUSION 


Optimistic estimates indicate that 1500 
producing wells will be completed in 
California in 1944. Naturally, this figure is 
dependent on the availability of proved 
locations, which are becoming increasingly 
rare. The new locations are expected to be 
mainly in the Jones sand of the Huntington 
Beach offshore field; the Ford and Tar 
zones in the Wilmington field; and in the 
many zones of the Ventura Avenue field, 
which has 3000 ft. of net sand distributed 
through 7000 ft. of formation. 

The demand for California oil is expected 
to increase beyond the record 1943 figure. 
Consistent withdrawals from storage in 
1943 and so far in 1944 have reduced 
stocks of certain products, notably gasoline 
and heavy fuel, to a critical level. Plans 
are being made to supply part of the 
Pacific-area demand from sources other 
than California. If this is not done, the 
existing shortage of petroleum products 
on the Pacific Coast will become more 
acute as the year progresses. 

With the experience of 1943, when the 
completion of 1158 wells did not increase 
the maximum efficient rate of production, 
it cannot be anticipated that drilling during 
1944 will increase the present maximum 
efficient rate of 800,000 bbl. per day. 
Completion of these wells will only serve 
to offset the natural decline, which is at 
least 15 per cent per year. 

The lack of labor and shortage of equip- 
ment have been major problems in produc- 
tion and drilling. Already women have 
invaded the domain of the pumper and 
have proved remarkably efficient. Supplies 
are still difficult to obtain, but this SHOT aes 
is rapidly being overcome. 
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Oil and Gas Development in Illinois in 1943 


By Atrrep H. BELt,* MrempBer A.I.M.E., AND CHARLES W. CarTER* 


In 1943, Illinois produced 82,256,000 Jan......... 238,000 July......... 218,000 

bbl. of oil, or 5.5 per cent of the total for fFeb......... 240,000 Aug. . 216,000 
the United States, and ranked sixth in the Mar....1.... 237,000 Sept........ 220,000 

_ nation in oil production. This represents a Apr......... 230,000 Oct......... 220,000 
~ decline of 23 per cent from 1942, when the May....... 221,000° Nov.......+. 223,000 
total Illinois production was 106,590,000 June........ 222,000 Dec......... 218,000 
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Fic. 1—NUMBER OF PRODUCING WELLS COMPLETED MONTHLY AND OIL PRODUCTION BY MONTHS IN 
ILLINOIS, 1937-1943- 
Dates of issue of Federal Conservation Order M-68 and M-68-s, regulating well spacing to save 
steel, are shown. 


bbl. and Illinois ranked fifth. The daily 
average production for 1943 was approxi- 
mately 225,000 bbl. Daily averages by 
months were as follows: 


Published with permission of the Chief, 
Illinois State Geological Survey, Urbana, IIl. 
Manuscript received at the office of the Insti- 

April 26, 1944. 
ee Govlogist on wccecae Geologist, respec- 
tively, Oil and Gas Division, Illinois State 
Geological Survey, Urbana, Illinois. 


This shows that most of the decline 
during the year took place between March 
and May, and that for the last eight months 
of 1943 production has been essentially 
steady. This means that there has been 
enough production from new wells drilled 
to balance the natural decline of the 
older wells. The trends of drilling and 
production are shown in Fig. 1 and Table 3. 
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» SHOWING AMOUNTS CONTRIBUTED BY MAJOR FIELDS 


M-68-5, regulating well spacing to save steel 


Fic. 2.—TOTaL DAILY OIL PRODUCTION BY MONTHS FOR ILLINOIS 


Dates of issue of Federal Conservation Order M-68 and 
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During the past year, 1791 wells were 
drilled for oil and gas in Illinois as com- 
pared with 2016 in 1942, a reduction of 
Im per cent. Of the former number, 461 


NEW FIELDS IN 1943 fecir 


Albion Fast; Edwards 
Belle Rive; Jefferson 
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DISCOVERIES 


Twenty-eight new fields (Fig. 3, Table 
2A), 66 extensions (Table 2B), and 49 
additional producing zones in existing 
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* Discovered in 1942, named April 29, 1943. 
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Fic. 3.—INDEX MAP OF NEW OIL FIELDS DISCOVERED IN ILLINOIS IN 1943. 
Older fields are also shown, except those in Colmar-Plymouth, McDonough and Hancock Counties, 
which are outside of the area of the map. 


are classified as “wildcat” as compared 
with 549 in 1942. Twenty-eight new 
pools were discovered in 1943 as compared 
with 40 in 1942. No major pools have been 
discovered in Illinois since 1942. A graph 
of the productions of major fields in 
relation to the state total for the years 
1940-1943 is shown in Fig. 2. 

Prices of crude oil and federal regulations 
of well spacing in Illinois have remained 
unchanged throughout 1943. 

Data on production and drilling by 
fields are given in Table tr. 


fields (Table 2C) were discovered in 
18 counties in Illinois during 1943. Of 
the 28 new fields, none were abandoned 
during the year, 10 were one-well fields, 
13 had not more than 6 wells, two had 
7 wells, one had 8, one had to, and the 
largest new field, Calvin North in White 
County, was producing from 23 wells 
by the end of the year. In all, 110 wells 
were producing in these fields as of Jan. 4, 
1944. In 1942, for comparison, 200 wells 
were producing from 37 new fields at 
the end of the year. 
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8 450 z x x ; rit f 8 
9 960 z z z 
10] York, Cumberland, Clark..............-...- L 350 | z z 0 70 a . 
11) (Casey s Clark’ s..-ceten oor aac ee 1906 | ~ ger z x z - er ay 
12 z x z 
13 400 r r z 0 Bos) Q) 70 
14 1,540 z z z 0 322} 0] 0 
15) Martinsville, Clark..................-.---. 1922 865 z z Lz 0 219 ‘LY 20 
16 35 x x x 0 7 0} 0 
17 310 x z z i. Ve : - 
18 710 E z x 
19 600 © z z 0 35 0} 0 
20 640 z x z 0 40| 2 0) 0 
21 10 z x z 0 2 0; 0 
22) North Johnson, Clark..................-...{1907 1,440 x z z 0 485 0; 0 
23 1,115 z z x 0 296 0} 0 
24 160 z z x 0 32 0| 0 
25 825 x = < 7 ae : : 
26 215 x x z 
Zi South Johnson, Clark.......2.......-2<..-: 1907 ee z z ce z = ; : 
z= Zz z z 
29 295 x x z z 59 0; 0 
30 1,710 x z zr z eS BR A 
31 z z < z 
32) Bellair, Crawford, Jasper................... 1907 1,305 Lz £ Lr x 486 0} 4 
33 1,165 x x x z 310 0} 2 
: HME EEGs 
910 x x z z 
36 Clark County Division!.................... 20,480} 53,856,000 365,000 z x 4,955|- 2) 14 
Sc\Main,2\ Crawford -eouce ce ee 1906 35,650 z z x z 7,324 0/198 
38 340 x z zx = 68 0} 0 
oH 34,305 z z z z Lo 0 a0 
1,000 z zx Ed 7 
Al 10 zr z z z 1 0) 0 
42) New Hebron, Crawford.................... 1909 1,560 x z z £ 297 0| 0 
43) Chapman, Crawford......-......0...-..... 1914 1,560 x z x x 193 0} 0 
43 Parker, Cratoford: ik d-1f 0.0 esdie. same AL LOON, 1,340 z z z z 256 0} 10 
45) Allison-Weger, Crawford................... = 1,095 x z z z 148 0} 0 
46| Flat Rock,’ Crawford...................... zt 1,920 z x x FA 289 0) 4 
47| Birds, Crawford, Lawrence.................. xr 4,48. r x z x 684 0} 42 
48) Crawford County Division’................ 47,610} 149,956,000} 1,303,000 x z | 9,191 0/268 
eH Lawrence, Lawrence, Crawford............... 1906 =i x z x x 9,424 e 84 
5 x x x > zi) x 
51 5,050 x 1283! a0), ac 
52 2,240 . = : 481; 5] x 
53 1,440 zr = x z 243 0} 2 
54 . 16,180 z z C7 = 3,017 0| =z 
55 4,220 x x x x 697 4) 2 
56 a & 6,950 x = < x 959 0} =x 
57] St. Francisville, Lawrence.” ee ene cc eee z 420 r z z x 55 0} 0 
58] Lawrence County Division?................. 26,120) 231,249,000} 1,726,000 x z 4,479 9} 84 


, 1 Total of lines 2, 6, 10, 11, 15, 22, 27, 32. 
2 Includes Kibbie, Oblong, Robinson, and Hardinsyille. 
3 Includes Swearingen gas. 
4 Total of lines 37, 42, 43, 44, 45, 46, 47. 
7 Total of lines 49 and 57. 
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TABLE 1.—(Continued) 


Wells Produc-| Reservoir 7 
4 Character 


Pressure, Lb. of Deepest Zone Tested? 


ing? ct 5 aw Rs ed oh 
Dec. 1943 | per Sq. Ins Oil! | Producing Formation to End of 1943 
| Oil . he. 
; Fed 28 
: ES ea Be 
as 3]4 cess 
f 3 = A Name and Age? EN [RS Name 
mm 3) | a a ese 18 4| BSE IES) b . 
2/212.) || S53) 28 (28 4 |85) $3 [ee| & a 
y \s\s2\a\ &] ws ls Bo lee El8s\aslse| 8 23 
~ Ble) 55 ‘a | &S |S) ES laa S\55| SE (22 & BS 
Be S\|&) 27 5] S| <7 [a] o* |e Gla at in| a rates 
1| 0 2| 0) x = (Wi z ie } 5 a “ ” 
2| 0| 201| 0293+| = RG nae ec Ss 2 a age eel a aay eas 
é; : 0 | 0) = x 30.0 |z | Shallow gas; Pen S| P| 281/36 | D| ~ / 
be ; 0 z| 0) z x 33.5 |x | Westfield; MisL L| Cav} 334) 2 | D 
0 =) Os F 38.2 |0.18) “Trenton”; Ord L} P | 2,265) z D 
6] 0} 800) 0} z z | Pi 33.0 jz D | Dey 4,010 
mt | 6 z| 0) = z 34.0 |z | First Siggins; Pen S| P| 367}2 | D f 
> 8| 0 z| 0) =z a (33.6)|z | 2nd & 3rd Siggins; Pen §| P | 478] 2 } D 
9] 0 x} 0} z z (25.7)\z | Lower Siggins; Pen §| P| 556/2 | D 
me 10) OF 44, 0) z (30.3)|2 | York; Pen S| P| 588] 2 |AM| Pen 960 
11] 0; 488) 0} = z | P| 29.2 |x AM} MisL 808 
4 12} 0 z 0) = z (31.9)|z | Upper gas; Pen S| P| 263}2 | AM 
13] 0 z| 0} z z (30.1)|z | Lower gas; Pen $| P| 309} 2 | AM 
ee ee z | |(83.6)!z | Casey; Pen S| P| 444| 2 | AM 
-—15| 0} 116) 0} z z 36.8 |z : D | St. Peter 3,411 
if 16} 0 z| 0} z x z |z- | Shallow; Pen 8S} P| 255 D 
’ ret GB z| 0] z z Snes y; Pen S| P| 49912 | D 
18} 0 z| 0] =z r = Martinsville; MisL PB Ie ae Pe arg Ue AN [ota 
19} 0 z| 0} 2 z (38.9)|z | Carper; MisL S| P |1,340) 2 | D 
20| 0 z| 0| =z z z lx “Niagaran”; Dev L| P | 1,553} z | D 
oe 21) 0 2} 0| z z (39.6)|z | “Trenton”; Ord L| P | 2,708) z | D 
J 22} 0} 433) 0} z = 31.0 AM| Mis 965 
, 23} 0} \ 2) 0) 2 z s |e Claypool; Pen S| P| 416) 2 |AM 
z 24) 0 z} 0| z z = —|z Shallow; Pen §$/ P| 314) z |AM 
4 25) 0 2} 0} =z z = Is Casey; Pen S| P| 465) 2 | AM 
+ 26| 0 «| O| = 4] =z \|s Upper Partlow; Pen 8| P 534| 2 | AM 
“ 27| O} 462) 0} z z 32.2 AM] Dev 2,030 
a 28] 0 z| 0} z z ae 3 Claypool; Pen S| P| 39212 | AM 
| 29) 0 z| 0} z z s iz Casey; Pen S| P| 453) 2 |AM 
, 30} 0 z| 0| =z oy = ls Upper Partlow; Pen S$| P| 489| 2 | AM 
‘ 31) 0 z| 0] = z 28.5 |x Upper Partlow; Pen S| P| 598) 2 | AM 
s” 32: 0} (371) 0} = z | P| 33.7 Iz AM| MisL 1,471 
¢: 33} 0 z| 0] 2 z (82.4) /z “500 ft."; Pen §| P 561) 2 | AM 
34} 0 z| 0} =z z eat 3 “800 ft.”’; Pen §|P 817} c | AM 
“¢ 35} 0 z| 0} =z z (37.0) |x “900 ft.’”’; MisU Sta 886} 2 | AM 4 
4 36| 0} 3,005) 0) =z z 33.0 St. Peter 4,654 
., 37) 0) 4,623) 2/425+ z | P| 33.0 jz 
Z 38) 0 zi| zl = z z |e Shallow; Pen Bee. 508) z | ML 
i 39} 0 a| z| =z z 32.8 |z Robinson; Pen 8} P| 900)25+} ML 
i) 40} 0 z|z| = z z |z_ | Oblong; Mis SL] P | 1,337| z Es 
be 41} 0 1} 0} =z z ze |x Devonian; Dev L| P |2,794/11 | ML 
“a 42] 0| 146) 0} z z | Pi 30.1 Iz Robinson; Pen §| P| 940) | ML| Mis 2,056 
Ng 43| 0 60} 0| z z z |z_ | Robinson; Pen $| P| 995} 2 | ML] Mis 2,279 
~ 44} 0} 209) 0| z z 29.5 |x Robinson; Pen S| P | 1,000) 2 | ML| Pen 1,127 
nf 45| 0 66] 0} =z z 22.5 |x Robinson; Pen S| P| 912} 2 | ML| Pen 1,041 _ 
£ 46} O| 126) 0| z z 31.8 |z Robinson (Flat Rock); Pen Bak 935| | ML| Dev 3,110 
é. 47} 0} 382) 0} z z 31.8 Iz Robinson; Pen = Fa I 930} z | ML] MisL 1,731 
| 48} 0} 5,612) 0)425+ z 32.3 |x St. Peter 4,654 
e 49| 0} 3,080] 0j650+| 32.9 |x A | St. Peter 5,190 
4 50] 0 5] 0} « z ele Pennsylvanian; Pen Bice) 200) 2a ws 
i Sl; @ z| 0| =z x az iz Bridgeport; Pen §|P 800/40 A 
; 52) 0 a| 0] z “2s =o \f Buchanan; Pen S| P {1,250)15 | A 
ie 53] 0 z| 0) = z = |t “Gas”; Mis §| P |1,3380)15 | A 
wa 54] 0 z| 0|600+ £ z |z | Kirkwood; MisU 8 | P |1,400)30 | A 
> 55) o| =| 0/650) x z |z | Tracey; Mis S| P |1,560/20 | A 
wm 56) 0 z| 0| = z z |2 | McClosky; MisL L| P }1,700}10 | A] 
© 7| 0} _ 30] ol600 | = | | 37.3 |2 | Bethel; Mis $| P | 1343/22 | ML] Mis 1,900 
q 58} 0} 3,110) 0} z z St. Peter 5,190 
=e 5 Pressures in Southeastern Illinois oil fields are estimated bottom-hole pressures reported in previous Survey publications. __ 
m 8 Gravities given prior to 1936 (except those in parentheses) were from data for the year 1925 furnished by the Ohio Pipe Line 
Company (formerly called the Illinois Pipe Line Company). Gravities in parentheses are for particular samples (see Ill. State Geol. 
2 Survey Bull. 54, Table 3). The values have been converted from Baumé to A. P. I. gravities. : 
a a 
2 
Ey! 


ew 


8 Total of lines 1, 36, 48, 58, 59. 

9 Abandoned 1923 

10 Abandoned 1933. 

11 Abandoned 1934. 

12 Abandoned 1925, revived 1942. 

13 Abandoned 1935. 

14 Abandoned 1934. 

20 Gas not used until 1905, abandoned 1930. 
21 Abandoned 1900. 


18 Abandoned 1919. 
16 Abandoned 1921. 


17 Abandoned 1904, revived 1942. 
18 Abandoned 1930, revived 1939. 


12 Abandoned 1937. 


22 Total of lines 66 to 94 inclusive. Cumulative oil production total based on U. S. Bureau of Mines monthly report. 


23 Abandoned 1942, revived 1943. 


298 OIL AND GAS DEVELOPMENT IN ILLINOIS IN 1943 
TABLE 1.—(Continued) 
: mber of Oil 
Oil Production Gas Production, i ies Gas 
Total, Bbl.¢ Millions Cu. Ft.¢ Wellsf 
Year | Area % 1943 
; of |Proved, S 
Field, County Dis- | Acres? ie 
covery - z 
To End During | 2|To End} During] o., 
g of 1943 1943 |A} of 1943] 1948 | SS] | 
eI EY eters ee 
5 3 Sea ies 
z, 5 ay. Bug a} 
é 3 BS eee 
5 a 6) o|= 
Pee tor te 1912 2,400 6,339,000 809,000 z x 528 25) 5 
a Allendale, Wabash............... 9 pl : : : 467/191 2 
61 r x x x x 3 0} 0 
62 a ¢ z x z 6 1} 0 
63 x x x z x 6 0} 0 
64 x z x x £ 36 4) 3 
65 Zz « z x = 9 ae00) 
66] Total Southeastern Fieldsé 96,710} 441,430,000} 4,203,000 z z | 19,175} 36/371 
67} Ayers gas, Bond................ 1922 325 0 0 221.2 14. 21 1 : 
09 Beek Cat mele 1038 580 1,356 000 154,000 ei 0 a it 
69 05 Clinton Seren itacls dectnceoe ane cere 3306, - 
70 atten 320 861,000 79,000 0 0 48 ital 
71 230 495,000 75,000 0 0 25 0) 0 
HaliCarlvles Clinton. aeeten ave an a aete er ate 1911 915 3,481,000 30,000 0 0 165 0} 36 
(3 Progtown; Clintons sack selebecn omens 191810 300 z 0 0 0 12 0} 0 
74| Ava-Campbell Hill, Jackson.............-.. 19171 440 x 0 z 0 35 0; 0 
75| Colmar-Plymouth, M cDonough, Hancock... . 1914 2,450 2,991,000 97,000 0 0 486 0} 0 
76) Carlinville, Macoupin....................-- 190912 80 z 500 z 0 8 0) 0 
77| Gillespie-Benld gas, Macoupin.............. 192318 80 0 0 135.8 0 4 0} 0 
78} Gillespie-Wyen, Macoupin................. 1915 40 z 1,000 0 0 22 0} 0 
79] Spanish Needle Creek, Macoupin........... 191514 80 0 0 14.4 0 7 0; 0 
80| Staunton gas, Macoupin..................- 191615 400 0 0} | 1,050.0 0 18 0} 0 
81) Collinsville, Madison....................>. 190916 40 850 0 0 0 6 0} 0 
82] Brown, Langewisch-Kuester, Junction City, 
Marton eeand- Sete ah SP ee 1910 175 z z 0 0 14 EY wl 
83 60 z x 0 0 7 0} 1 
84 115 x =z 0 0 7 1] 0 
85)\Sandoval, Marion-2eeten.. tacos eae enon 1909 770 5,038,000 144,000 0 0 150 0} 1 
86 770 2,700,000 5,000 0 0 123 0} 1 
87 380 2,338,000 139,000 0 0 27 0; 0 
88} Wamac, Marion, Leda ee Jonatha 1921 250 469,000 13,000 0 0 106 0} 7 
89} Litchfield, Montgomery. . As waa eee LST OU? 100 22,800 500 0 0 18 (1) en) 
90 Waterloo, M onroeca lS sop ee - . 192018 230 224,000 4,000 0 0 41 0} 2 
91) Jacksonville gas, Morgan...................|191019 1,320 2,000 0 z 0 53 0} 0 
92} Pittsfield (gas), Pike. 188629] 8,960 0 0 z 0 68 0} 0 
93] Sparta, Randolph. . 188821 165 z 0 x 0 20 0; 0 
G4} Dupo, iS. Clair. sei ae ee ie a ee 1928 670 1,879,000 28,000 z 0 295 0) 8 
95] Total for fields discovered prior toJan. 1, 193722 114,240) 456,894,000} 4,675,000) | 2,415.5} 14.1] 20,801 39/427 
96| Beaver Creek, Bond 1942 30 8,000 5,000 0 0 2 0} 0 
O77 Sorento; Ronda. ay artes seen eee ee 1938 30 4,000 0 0 0 3 0} 0 
Osi Woburn Bond... nee a oeeeieeaneane 1940 210 402,000 59,000 0 0 28 0} 0 
99) Mt. Auburn, Christian 1943 40 3,000 3,000 0 0 1 1] 0 
100} Bible Grove South, Clay 1942 20 18,000 11,000 0 0 1 0} 0 
101) Clay City West, Clay 1941 320 958,000 0 0 14 0} 0 
1O2|-Blora, Clays. nay one | eo ces 1938 450 454,000 0 0 28 6] 0 
103 10 z= 0 0 1 Oo} 60 
104 = z 0 0 3 0} 0 
105 10 z 0 0 1 0d; 0 
6 z = 0 0 23 6} 0 
TOAMIngraham Claes cae neue eee 194228 80 2,000 0 0 2 LO) 


— 


“we 
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TABLE 1.—(Continued) 


Wells Produc- a CRarasten : read 
ing? ressure, Lb. se : . eepest Zone Tested? 
Dee. 1943 per Sq. In. of Oil pr oee eraakes to End of 1943 
Oil a Sie | 
si 2/38 
4 $ ‘18 
S|: Selse 
7 3 = AA Name and Age? BS BA Name 
Y Slole Se |e | 3 1 Sl oA | Batl! & Le 
z\2\2 ._| 8. |3| 35 [83 pS (38) 28 S| 5 Se 
o| Ez] Se 4] se |al eS la 2/20/43 \2 513 aS 
£)2| 5 |2| 3] #8 |8] #3 |Ss gi£5| BE (SE) 2 a5 
es |] a i] oS | am slo? je SLAs les # ah 
Sp | — ee Q 
59| 0) 298] 0 i 
60| 0| 244| 0| 2 : 35.1|z | Biehl; Pen s| P| sosle0 |“M| Mis sh 
61] 0 0; 0} = z z |: Waltersburg; MisU S| P | 1,540/15 
62] 0 6) 0} x z 2 |< Tar Springs; MisU S| P | 1,620)20 
63} 0 6] 0} zx < s  {¢ Cypress; MisU S| P | 1,920)10 
44 : e ann z= = {2 Te a < a P | 2,010) 9 
z s is y; Mi ’ 
66] 0} 12,027) 0 ee % si (ais In 
67} 0 0) 9/335 z Bethel; MisU S$; P 940) 5 A’| “Trenton” 3,044 
68] 0 0} 0} z Lindley (1st., 2d); MisU Si 2 927| x A ev 2,290 
69| 0 66) 0 D | St. Peter 4,213 
70} 0 44/0} z z 36.2 (0.20) Carlyle; MisU S| P| 984/24 | D 
- wa G 22} 0} = z 41.5 (0.27) Devonian; Dev L | P | 2,429) 9 D 
72\ 0 26} 0} x z 35.2 |0.26! Carlyle; MisU S| P | 1,035/20 A | St. Peter 4,120 
73"; 0 0} Oo} =z z 31.9 |z Carlyle; MisU Sa: FP 950} 7 D | Cypress 96: 
74\ 0 0} 0} =z z he Cypress; MisU §| P 780}18 | A ev 2,530 
: 75} 0 219| 0| =z z 37.6 (0.38) Hoing; Dev §| P 447\21 A | “Trenton” 805 
‘ 76) 0 0) 0135 27.7 |z Unnamed; Pen ce fs fees! 380} z A 410 
i Up 0} 0/155 Unnamed; Pen Se 542) z A Pen 575 
78| 0 8] O| z z 30.0 |z Unnamed; Pen Sap e 650) x T | “Trenton” 2,560 
79) 0 0} O| =z Unnamed; Pen §}] P| 305) 2 | D | Pen 495 
at{ of ol Ole pea E] P !1,305i20 |sblst "| 1500 
" z s |s v- i i 500 
82] 0 12] 0 
83} 0 5] 0} =z z 32.0-\z Dykstra, Wilson; Pen S| P| 610/20 | D | MisL 2,001 
84) 0 7) 0} =z Zz 32.0 |x Cypress; MisU S| P | 1,658)15 D | Dev 3,344 
85} 0 24) 0 : D | St. Peter 5,023 
86| 0 7| 0] = z 34.5 jz Benoist; MisU S| P | 1,540)20+] D 
) 87| 0 17] 0} =z z 38.0 |0.38) Devonian; Dey L| P | 2,924 D 
= 88] of 2/0) =z z 30.2 |z | Petro; Pen $| P| ‘72020 | D | MisL 1,760 
= 89| 0 1/0} z 23.0 0.42) Unnamed; Pen S| P| 664) 2 | D|Pen 681 
t 90; 0 4,0) =z s 30.2 |0.79) “Trenton”; Ord 1 pe 410/50 A | “Trenton” 845 
=, 91} 0 0) 0} z z z |z_ | Gas; Pen, MisL S P | 330! 5 | ML| “Trenton” 1,390 
-, 93] 0 0| 0} z 2 = it ; Mis is 
oe 694) «0 85 : z z 32.7 \0.70) “Trenton’’; Ord L| P| 561/50 | A | New Richmond | 1,800 
4 95 12,491 
96| 0 210] = = a 0.25 — MisU 7 y a H : i aoe 
97) 0 1) 0} =z z Alz ; ev ; 
é 98} 0 28) 0} = = 36.4 |0.20) Bethel, MisU S| P }1,010/11 | A | Dev 2,455 
99) 0 1| 0} z z 36.6 |0.28) Sil L| P {1,900} 5 | A | Sil 1,905 
~ 100] 0 1) 0| z z z |z | Aux Vases, MisU S| P |2,735| 5 | A | MisL 2,930 
101; 0 14) 0} = z 39.0 |0.17| McClosky, MisL 6 Oy tal oe 15 = rae eb 
= 102| 0| 22) 0 1s , 
~ 103] 0 1] 0| z x =z \t Tar Springs; MisU S| P | 2,320)12 
104| 0 3} 0] = z 7 it ; MisU S| P | 2,595) 5 
hs 105| 0 1| 0} z z 37.4 |z | Bethel; MisU S| P | 2,790}12 
a 106| 0 17| 0} z z 37.2 |0.24| McClosky; MisL L| P | 2,965) 6 , 
a 107| 0 1| 0} z cE a |z McClosky; MisL L| P |3,100} 7 | A | MisL 3,140 


300 OIL, AND GAS DEVELOPMENT IN ILLINOIS IN 1943 : 
: 
TABLE 1.—(Continued) : 
| 
Oil Production Gas Production, ee | 
Total, Bbl.c Millions Cu. Ft.¢ Wells’ 
: | 
ie ah x 1943 | 
Field, County Dis pee sl ; 
oS 
= pOuene ToEnd | During a ToEnd | During} 92, 4 
o sa 
q of 1943 1943 ~ of 1943 | 1943 3s 3 3 j 
z eS as 2/3 } 
© is ae g 5S | 
5 & Seis i/2, 3 
7! 
LOS Mola Chay Stic eo meets. erecta ole ey partes 1939%4 940 1.021,000} 1,008,000 0 0 76 68} 1 : ; 
109 s z z 0 Alyy 
110 z x x 0 i 
111 z x x 0 0 4 3} 0 | 
112 z z x 0 0 34) 28) 1 > | 
113 z z x 0 0 9 9} 0 7 
i {4 et 
I 0 | 
a Kenner, Cla) pitan.00e oars eet eee 1942 320 12,000 11,400 0 0 8 7| 0 q 
zt z z 0 0 1 1] 0 =) 
118] Sailor Springs Consolidated, Clay........-.. 1941 1,490 1,128,000 491,000 0 0 71} 328) 16 : 
ue ; z zr x 0 0 § | 
z z x 0 0 31 8} 0 | 
“ zr z x 0 0 34, 191 oO 
z x x 0 0 5 0} 0 ¢ 
123 1! tp 
124) "Toliver: Clayie ti a tied tse oe ee 1942 40 5,000 3,000 0 0 1) oo} o @& 
125 Toliver Bast, Olajts f<. one aera e eee 1943 40 10,000 10,000 0 0 1 1} 0 al 
120 Xonin, Clay Wet sg cera eee Nea 1941 40 11,000 4,000 0 0 1} 0) @ a 
127] Clay City Consolidated, Clay, Wayne....... 1937 14,380) 30,454,000) 2,811,000 0 0 772 54) 1 s 
128 z z x 0 0 32). 4) 9 
129 £ z x 0 0 1 0} 0 4 
130 x x z 0 0 37} 25, 0 | 
131 : z z z 0 0 ele | 
a x 2 z 0 0 682 21); 0 : il 
58 e | 
134| Bartelso South, Clinton...............-.... 1942 50 7,000 6,000 0 0 1 io | 
135) Bowler: Clinton oa .g28 oe Sh 1941 470 1,001,000 626,000 z z 35 9} 0 | 
186 x z z 0 0 24 0} 0 | 
7 
138} Centralia West, Clinton.................-.. 1940 90 165,000 109,000 0 0 7 : ° i 
139|*Hoftman, Clintow: 02. cs aa tene cee ue eee es 1939 300 431,000 68,000 0 0 44, oO] O 
i im z zr “ 0 10 Oo} 0 
z= 
143| Posey, Chinon (hon antigen, aval 1941 20 4,000 500 0 : = i : 
143] Centralia, Clinton, Marion................. 1937 2,850} 24,066,000} 1,706,000 0 0 906 0} 35 | 
a x z z 0 0 23 0} 0 
x z 0 0 
146 z|  12,830,000/ 942,000 0 0 | 319 0| 25 : 
147 - x 8,000 4,000 0 0 2 0! ) 
148) Cooks Mulls, (Coles... vo...c:..00 «00s esta cones 194127 20 5,000 1,000 0 0 2 0 : + 
a Mattoon Coles vrs. cer cere erie 193928 - 33,000 10,000 0 0 3 1] 0 
151 10 : F : : 1} of o | 
152 ; 20 z z 0 0 1 5 
153| New Bellair, Crawford..............00.00.. 1942 20 7,000; 2,000 0 0 ee 
i Albion: "Hdwards'r che cncc ag Open de ee 1940 900 2,708,000 369,000 0 0 90 9 
z z 0 0 3 0] 0 
150 z z 0 0 14). 0a 
158 = = 0 0 3] 8! oo 
159 = $ 0 0 3) rola 
160 : : : B 
162] Albion East, Béwards. <0. | 35,000 0} o al cat 
164 ; ng eS aa 
165 : Bh ler: oh oh a 
166 ‘ ; gee ips 
167 ; : 
168] Albion North, Hdwards............... 2.000 0 1 1) 0 
eenee 4 0 
160| Bone Gap, Bdwards. 5... 24. cose ues sene 179,000 0 0 is ‘ : 


24 Abandoned 1940, revived 1941. 
27 Abandoned 1943. 
28 Abandoned 1939, revived 1940. 
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TABLE 1.—(Continued) 


Wells Produc-|__ Reservoir Sharaab 
Ing? Pressure, Lb. DAE RCUEE ; ; 
Dee. sai of Oil* Producing Format’ Deepest Zone Tested? 
ee. 1943 | per Sq. In. : ae ae to End of 1943 
| Oil 
ss - < & | 
4 = e | 2 
’ 8 sit 
hy he 1 } a 33 
‘ 4 & ay Name and Age? aS [BZ Nene 
a 5 |w| 3s 2 is} = -} %| > EUS Fol 
7%).8) "35 ae & a) Be & | ASIiSs Ssisel| B wae 
‘ a E| se || Sa. 138 =S BOC 8 IFO! 42 Sm) 3 om 
© s\8\ #3 |g| =| 8S [8] 22 [S53 Elesieslee) 8 a2 
er le | <7 Sls | em a) o* [a BIE@|8*|E<| 5 aH 
o| 74| 0 | we 5 Nie 
a vanate? |; £2 z |z | Tar Springs; MisU* s| P |1,390| 9 mu oe 
0 aie z 2 e |x Weiler, MisU S| P | 2,125)20 
ne esta z z 36.0 |0.14} Bethel; MisU S| P | 2,290)14 
0 alo z z 35.4 |0.25) Aux Vases; MisU S| P | 2,335/11 
z 2 = ‘|s McClosky; MisL L| P | 2,425)10 
0 95] 0 z z = \% Paint Creek; MisU*> S| P | 2,240/15 
0 8} 0) z z 36.8 |0.22| Bethel; MisU 
‘ A : S| P | 2,660) 7 i 
: - ; z x = iz Aux Vases; MisU25 S| P | 2,810)20 | lee ae 
D | Mi 
cee aCe z |r | | Glen Dean; MisU* L| P | 2,390/15 ee eng 
0 sal 0 z z 39.5 |0.17| Tar Springs; MisU S| P | 2,340/15 
° sla z z 38.5 |0.28) Cypress; MisU S| P | 2,590)10 
0 ale z z 36.4 iz McClosky; Misl. L| P {3,010} 5 
0 1) 0} z z 37.1 |x | McClosky; MisL L| P i 
3 d = 2,790} 9 A | MisL 
i i z z |z | McClosky: MisL L| P l2'saoli0 | A | Misi 2850 
ee z |.) 35.2 |2 | Aux Vases; MisU S| P |2,785)12 | D | Dev 4:970 
: oe A|D : 
| 200 2 | | | 37.9 )2 | Cypress; MisU s| P | 2,670|10 = pre 
0 36l 0 z z 38.0 \z Bethel; MisU__ S| P | 2,880) 5 
0 Bl 0 z z 38.0 |z Aux Vases; MisU S| P | 2,910/15 
o| 653 z z 38.0 jz Rosiclare; MisL S| P | 2,970) 4 
‘ = 0} = z 38.5 |z McClosky; MisL L| P | 2,980)10 
ig oe : _ : z z 40.0 |0.15| Dev L| P | 2,465/15 | D | Dev 2,480 
D|D 3 
136/20} z |x | | 36.0 [2 | Bethel; Mis s| P | 1,195/10 a ny 
“dl a : : : z z 28.2 |0.33| Dev i L | P | 2,620) z : 
em isol 0 aal 0 z z 37.8 |0.17) Bethel; MisU S| P | 1,410) 7 ie aly 1,450 
m ev 2,914 
e + : a = z z |z | Cypress; MisU Se) Pd, {85)-9 
z = 32.2 \0.21| Bethel; MisU § | P | 1,320] 7 
4 pea, o| z 36.1 |0.17 ; MisU $| P | 1105] 5 | D | MisU 1,265 
A | “Trenton”’ 4,070 
SF 144| 0 21| 0} =z 2 36.4 |0.20 MisU S| P | 1,200)15 as 
, 145| 0} 507; 0) z= 25+ 37.7 \0.17| Bethel; MisU S| P | 1,855/20 
"3 146} O| 175} 0) z 200+ 37.4 \0.38 Dev L| P | 2,860)14 
a 147| 0 1) 0} =z = 43.2 (0.28) “Trenton”; Ord L| P | 4,020)40 
Ps oA ” . : z z 36.4 |0.40| Aux Vases; MisU S| P | 1,825)10 A ay 1,873 
A opee 4,915 
- 150| 0 0] o| = z 44.1 |0.16| Cypress; MisU §| P | 1,835]25 
151} 0 1) 0} z ES Peal 63 Aux Vases; MisU 8} P | 2,010)15 
e 152 0 1;} 0} z z 36.6 \0.29| McClosky; MisL L| P | 2,000}12 
7 4 : z * % |x Pen §| P | 1,170/30 : ancy 2,760 
, v 5,185 
= 155] 0 3} 0} = z 34.0 |x Bridgeport; Pen. S| P | 1,570)10 
Va 156} 0 13) 0| =z z 34.0 |x Waltersburg; MisU S| P | 2,365)10 
157| 0 3) 0} = z 38.0 jz Bethel; MisU__ S| P | 2,935)14 
m 158! 0 2) 0] =z x 39.0 |x | Aux Vases; MisU S| P |3,040|16 
a 159 z z 2. iz Levias; Mi L| P |3,100}10 
4 a4 : _ “ z z 40.0 |0.18 McClosky; MisL L| P |3,110/11 
Gea} of alo A | Mis 3,195 
163| 0 i] 0} z zie Weiler; MisU §/ P 
164) 0 3} 0} = z \e Aux Vases; MisU ti ioe 
e 165} 0 1/0) z z |z | Levias; MisL Lie 
oa : ae z z iz MeClosky; MisL*5 | at 
= 168] 0 1| 0} z ze |= Aux Vases; MisU ae 
0 7 0) z 40.5 |0.33| McClosky; MisL (OM feds 


25 Producing in combination wells only. 
26 Wells producing from more than one sand, see Table 6. 
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302 OIL AND GAS DEVELOPMENT IN ILLINOIS IN 1943 


TABLE 1.—(Continued) 


Oil Production Gas Production, Serer Oil 
Total, Bbl.c Millions Cu. Ft] "Woh oe 
Year | Area % 
Field, County is pores s 
n 
3 ae ToEnd | During |8/ToEnd|During| o,, 
cs of 1943 1943 || of 1943] 1948 | == 
q eo 2o ies 
ei Ss Beg) | erase 
3 3 aa | 2 is 
ai & Sha sie | 
170] Browns, Hdwards.................0000+24:- 4,000 4,000 0 0 || PSO 
171) Browns South, Edwards...................- 500 500 0 0 at 1} 0 
Li2\(Cowling, Hdwands)-a een ae eee 297,000 20,000 0 0 13 0} 
173] Ellery North, Edwards..............++-.+-- 3,000 2,000 0 0 1 OWL 
174] Ellery South, Hdwards...............-...-- 7,000 7,000 0 0 2 2) 40 
175] Maplegrove, Hdwards...................0-- 224,000 224,000 0 0 13 13} 3 
176) Samsville, Edwards.....5...........2+.005- 2 x 0 0 1 0] Oo 
a Lancaster West, Edwards, Wabash.......... 48,000 48,000 0 0 2 21 0 
th x 0 0 : Lo: 
180] Bennington, Edwards, Wayne............-.. 12,000 12,000 , 0 2 ) 0 
181) Ellery, Edwards, Wayne.................-- 30,000 8,000 0 0 2 0} Oo 
182) Grayville, Edwards, White.................. 438,000 296,000 0 0 20 0; 0 
ey Grayville West, Edwards, White............ 40,000 17,000 0 0 3 0} 0 
ee z 0 0 1 0} 0 
186) Hill, Bfinghamis. a. 0... 08 se-k ese ee 9,00! 9,000 ° : : . 
a Mason; Efinghain's. es. ketene 160,000 17,000 0 0 9 Oo} 1 
Mason South, Efingham..................- 434,000 254,000 0 0 42 20) 1 
50 z 0 0 19 4, 1 
in z 0 0 3 3] 0 
732 z 0 0 3 3] 0 
2 z 0 0 fs 2) 0 
i 8 
re Bible Grove, Effingham, Clay............... 1,039,000 749,000 0 0 68} 35 
196 _ = : : a 34) 1 
é z 
av Louden, Effingham, Fayette................. Sbipaaeis 13,651,000 ‘ g oa 16 it 
ie z 6} 6 
200 S zh) [Ocae aaah ime 
= 20 1 
Bhs 4,263,000 792,000 0 0 84 9 i 
203} La Clede, Fayette............... 500 in 
LL Bh amos Payecee,, ho Lae ee ool ce baal ea 
205| St. Paul, Fayetle... 02... 0.0... ccscccacee, 175,000] "90,000 0 0 | ‘al ao 
a Alon Nrankiniseceoteceeckt eee 141,000 105,000 0 0 4 4; 0 
208 z =z 0 0 3 0} 0 
300 z z 0 0 3 3} 0 
210 g 7 . : 
211) Benton, Franklin ri i 3) 0 
; oomiosacsondrodanun scan: 14,710,000} 2,334,000 0 0 234 
a Benton North, Franklin. .................. 199,000 70,000 0 0 12 { 0 
914 z z = 0 0 3 0} 0 
215 a = z 0 0 2 be SOI) 
216 = =z z 0 0 2 0} 0 
217 z z z 0 0 1 0} 0 
218 z "| z se 0 1 0) 0 
219 = 2 = 0 0 2 0} 0 
220) Bessie, Pranhlin..,......\esvdeeieavecce ; hee 3 
Sesser, Franklin........0....s.sc0c sc ccee, 40 31 000 13.000 0 0 31 ol o 
220 241,000| 19,000 0 al aicahes 
20 1,000 "500 0 0 MY Suslee 
60 137,000 137,000 0 0 10 ? D 
: z z 0 0 9 7| 0 
100 52, 000 52, if ; ; : ones 
2 000 0 0 8 8) 0 
e = x i : 6 6| 0 
x 
40 29,000 8,000 0 0 ; i 0 
x 7) x 0 0 1 LO 
z z 
z 0 0 1 0} 0 


29 Abandoned 1943, 
30 Abandoned 1942. 
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Wells Produc- genre Charactec a 
ing? ressure, Lb. ma ai nts eepest Zon stedP 
Dee. “943 per Sq. In. of Oil’ Began Fenelon a End e vite 
| Oil Y | 
a : aie 
. 3| 3 Seles 
¢ 2 a a | Name and Age? os ae a ae Nenté 
; = a eS: B] ell of Leas) S 6 
f 2\3|3 _|a_ {| sf Ise 2|35|$5 /Se| 2 sé 
al FL se <a 3 18] Es ja. S la 33 Sl 8 ais 
© 2/2| 55 |g] = | FS [8] £3 Se S\55| 8 |S] 2 ic 
eee) a | S| a eS le 5 lea lo~| s am 
170| 0 1} 0) x z z |x | Cypress; MisU S| P |} 2,690)15 | A | MisL 
171| 0 1] 0] = x z |x _| Bethel; MisU §| P | 2835/18 | A | MisL Ary 
172) 0) 11) 0) « x 36.6 |0.23) Cypress; MisU S| P |2,620/12 | D | MisL 3.175 
173| 0 0/0} = z 37.6 |0.19] McClosky; MisL L| P |3,420/ 7 | A | Mish 3,495 
174| 0 2) 0} = r z iz McClosky; MisL L| P |3,305/11 | A | Mish 3355 
175| 0} 10/0) z z z |z | McClosky; MisL L| P |3,270] 8 | A | MisL 3;300 
176] 0 0} 0} x r z |x | Waltersburg; MisU S| P | 2,405] 4 | A | MisL 3,295 
me J77| 0 2) 0 A | MisL 2/875 
* 178] 0 1) 0} z x z jz | Levias; MisL L| P | 2,855} 8 4 
- 179| 0 1 Os zr z |x | Rosiclare; Misl S| P | 2,860] 8 
180| 0| 2|0| = z | | z |z | Aux Vases; MisU S| P |3,150/20 | A | MisL 3,350 
181] 0 2) 0} z xz | | 39.1\z | McClosky; MisL L] P |3,340/12 | D | Mish 3/355 
» is2] 0} 15/0) z x | | 35.8 0.31] MeClosky; MisL L| P |3,095| 6 |-A | MisL 3,270 
183} 0 2| 0 D | MisL 3,275 
184} 0 1) 0} z z 37.0 |z | Cypress; MisU S| P | 2,870)20 ; 
1 185} 0 1/0) z z = je McClosky; MisL L| P |3,170| 8 
186| 0 2] 0} x z z |z | McClosky; MisL L| P |2,570/ 9 | A | MisL 2,655 
y! 387 : s . r z 38.4 ioe MisL L| P |2,490| 7 | A | MisL 2,525 
A | MisL 
189| 0 18} 0} x z | 38.0 |z | Bethel; MisU S| P | 2,305/11 2,400 
— 190] 0 31 0} x z | | z |z_ | Aux Vases; MisU S| P | 2,360|14 
Be 191} 0 3) 0} =z z | z |z | Rosiclare; MisL S| P | 2,435] 8 
192| 0 3) 0} z z | | 38.4 0.21) McClosky; MisL L| P | 2,450] 7 
193| 0 14) 0 | 26 
194} 0} 66) 0 ) As D | MisL 2,970 
» 195| 0} 58,0 z | | 38.0 |0.13| Weiler; MisU S| P | 2,490|14 
© 196} 0 8) 0 z |_| 36.2|z | McClosky; MisL L| P |2,810| 7 
_ 197 |185} 1,766| 0 P) A | St. Peter 4,680 
198} 35} 907) 0 268+] | 36.6 |0.25) Cypress; MisU S| P | 1,495]22 
ms 199] 1| 320) 0 315+ 37.8 |0.24| Paint Creek; MisU S| P |1,530|15 
@ 20) 1) 413| 0 319+ | 38.5 |0.20| Bethel; Mists S| P | 1'550|16 
201] 23} 60} 0 1,268 28.2 |0.48| Dev L | P |3,000|15 
202 |125 66) 0 | 26 
203| 0 1,0 z =. < Bethel; MisU S| P | 2,335/20 | A | MisU 2,360 
> 204} 0} 183] 0 z 34.4 |0.31| Cypress; MisU S| P |1,580/16 | A | Dev 3,375 
205; 0| 13] 0 z 34.0 |0.23| Bethel; MisU S| P | 1,885] 6 | D | MisU 1,905 
* 206} 0 7| 0 A | MisL 3,280 
~ 207; 0 3} 0 z 32.0 iz Cypress; MisU S| P | 2,840/10 
~ 208] 0 3] 0 z 37.8 |0.12} Aux Vases; MisU S| P |3,120]15 
> 209 z = fz McClosky; MisL?* L| P |3,270| 9 
m 210+ 0 1] 0 2% , ; : 
> 211} 0} 232) 0 z 41.7 |0.12) Tar Springs; MisU S| P | 2,100/34 | A | MisL 3,205 
me 212) 0| ~12) 0 D | MisL 2,890 
a 213) 0 3} 0 z z’ |z Paint Creek; MisU S| P | 2,595/10 
_ 214} 0 2| 0 z 38.4 |0.15| Bethel; MisU S| P | 2,605/10 
215] 0 2) 0 z 39.0 |0.15| Aux Vases; MisU S| P | 2,690/10 
~ 216| 0 1| 0 Zz 37.4 |0.17| Levias; MisL L| P | 2,745] 8 
217) 0 1| 0 zt 38.4 |0.15| Rosiclare; MisL S| P | 2,780] 7 
m 218) 0 21 0 z z |z McClosky; MisL L | P | 2,783) 5 
» 219} 0 1| 0 i : : 
ae 220| 0 1| 0 z 38.8 |0.15| Levias; MisL__ L| P |3,020/11 | A | MisL 3,460 
ea) 3} 0 z 39.2 |0.17| Aux Vases; MisU S| P | 2,700} 7 | D | MisL 2,925 
922}. o| ~—«:10] 0 z 37.8 |0.16| McClosky; MisL L| P |3,120/10 | A | MisL 3,135 
2231 0 1| 0 z z |x  |McClosky; MisL L| P |2,715]12 | A | MisL 2,725 
_ 224] 0} = 10) 0 : D | MisL 2,995 
) 225) 0 9] 0 z 38.4 |0.13 on ae : 7 _ 4: 
1,0 4 © V6 ux Vases; Mis . ‘ 
e orl ol 8 0 A | MisL 2,930 
228} 0 6| 0 z z Tar Rape MisU S| P | 2,040/15 
2991 0 2] 0 z 37.2 |0.23| Levias; MisL L| P | 2,765] 8 : 
930! 0 Dm) D | MisL 3,115 
= 231) 0 1) 0 z z |z |Cypress;MisU S| P | 2,540)15 
a - 232) 0 1|.0 z 37.6 |0.24| McClosky-St. Louis; MisL L | P | 2,870] 9 
a 
’ » 
oe 
rf 
it 
- 
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304 OIL AND GAS DEVELOPMENT IN ILLINOIS IN 1943 


TABLE 1.—(Continued) | 
oo ee 


- Number of Oil 
Oil Production Gas Production, : 
Total, Bbl.: Millions Cu. Ftc] 9d/or Gas 
r 1943, i 
Year | Ares & 
Field, County Dis- pee ; S | 
cres - 
oes ToEnd | During |%/ToEnd| During} 9 | 
3 of 1943 1943 |AJof 1943] 1948 | =F) ~|o | 
2 om o =) j 
g a $e | 5 | 38 
=) re ad = Es) 4 
ZA 3 Big ee i=! >| 
2 = és| 3/3 7) 
g = Zi 
a | Pa o i os ’ } 
4 
WDSc ahs apne oe ree er etrer 1940 60 47,000 19,000 0 0 8 3) ‘0 By 
Ean Inman, (allatiny ....0..2.0- : eZ 0 0 3 ae | 
235 x x x 0 0 2 1, 0 @ 
236 z z zr 0 0 2 Tj) 30 d 
237 x x z 0 0 1 Qo) 0 By 
238) Inman Hast, Gallatyn: +... ae esses w-e e actos 1940 810 1,692,000 710,000 0 0 81 20} 1 | 
239 £ z i 0 0 3 0} 0 | 
240 z z # 0 0 | 
241 z z z 0 0 | 
242 z mee z 0 0 it 1} 0 ‘| 
243 x z z 0 0 6 3} 0 | 
244 xz Ps z - u 44) 70 a 
245 i oy =n 
246 z z x 0 0 10 2) 0 : . 
247 r z z 0 0 4 1, o By 
248 13 6} 0 | 
249) Inman North, Gallatin..................... 1941 50 10,000 1,000 _0 0 3 0} 2 
250 z z x 0 0 1 oj 1 @ | 
Zo x S zx 0 0 2 0} 1 @ 
252| Inman West, Gallatin.......0........2......|1942 275 205,000 173,000 0 0 20 15) 0 By 
253 x x z 0 0 1 1),0 By 
254 x z x 0 0 13 8; 0 # 
255 z z x 0 0 a | 
256 6 6| 0 
2bi\ Junction, Galkatin-.#) a. seuesei aera 1939 150 192,000 15,000 0 0 14 0) 0 @ 
258|'Omalhia, Gallatin=.:.>..: tons fa eas cede wok 1940 260 809,000 183,000 =z = 21 0} oO. BF 
259 zr x z 0 0 17 0} .0 Bi 
260 EA x z x = 4 0) 0 | 
261} Belle Prairie, Hamilton...............--.-- 1940 40 86,000 27,000 0 0 2 0} 0 a 
262) Blairsville: Hamiutan.: 2... seats ee eee 1942 650 658,000 603,000 0 0 24 14, 0 | 
263 z z x 0 0 18 8} 0 By} 
264 x z x 0 0 1 1} 0 = 
265 z r z 0 0 ! 
266 = z x 0 0 3 3} 0 
267 2} 2 0 wl 
268|\ Bungay, Hamilton2-= 20... varie oaeenueme 1941 410 106,000 100,000 0 0 13 12} 0 #y 
269) Dahlgren, Hamilton... ....<.c06.00c-co+ce 1941 540 862,000 54,000 0 0 42 o| 4 BF 
270| Dale-Hoodville Consolidated; Hamilton... ... 1940 4,640} 16,108,000) 3,882,000 0 0 402| 38/10 
271 z z z 0 0 21; 21) 0 @ 
272 z zr zr 0 0 37 2, 0 @ 
273 = z x 0 0 87 0} 5. — 
274 z z z 0 0 185] 13) 5 
275 rz = z 0 0 2 1). 0 
276 x z Fa 0 ) 24; 0} 0 : 
277 : : 46] 1) 0 
278) Rural Hill, Hamillony 0s. cosacevee sas oot 1941 2,535 7,052,000) 1,711,000 0 0 195 23] 1 
279 oA x x 0 0 1 0} 0 1 
280 rz z x 0 0 94, 16) 1 | 
281 2 2 2 o| 0 12} 4) 0 | 
282 z x x 0 0 2 2] 0 ® 
288 z 2 z 0 0 25} * 0} 0 @ 
284 CL) genel aU 
OSs Walpole, edmton, anes: « uiosewceytede waces 1941 1,100: 1,811,000 900,000 0 0 58 25} 0 
ae z z z 0 0 ; 10. 
: z z z 0 z 
288| Elkville, Jackson..... 0... .ccccecevevecaees 1941 10 2,000 1,000 0 0 | colo 
8| Bopota,'/ asper ..< .Ai.c.ee naam Cumann tes 1943 125 53,000 53,000 0 0 i) 
9001) Boos: North; Jaapen scc.),.1..1. 008 os cee eee 1940 1,075 2,245,000 596,000 0 0 63 3} 1 
291| Hidalgo, Jasper..... tS Cinat til ag ae eye 194081 20 10,000 000 0 0 1 0} 1 
O57 She MENG rd ESTER ect h ime maeat ee Ree ene 1941 430 428,000 98,000 0 0 20 0) 2 
293| Belle Rive, CHILLS Oe COM DA hia k 1943 100 70,000 70,000 0 0 5 5| 0 
994) Coil West, Jevenson.. ....avdacs es sumone, 1942 100 36,000 35,000 0 0 4 SiO 
205] Cravat, Jaferson, .. 2. csi. ccc. ke utes sve 1939 . 100 195,000 29,000 0 0 ll 0; 0 
206) Divides wepereiticm'.nicteu.’c bere eet 1943 110 26,000 26,000 0 0 3 Bir 0) 


31 Abandoned 1943, 
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TABLE 1.—(Continued) 


=! esteem eee Character D Zone Tested 
~ ing? essure, Lb. — : aki eepest Zone Tested? 
Dee. 1948 | per Bq, In. of Olé Producing Formation to End of 1943 
Oil ; 
- 8 Ps i 
~! °o ua Oo eer 
3 3! Se)Ss 
‘g 3 | Ay Name and Age/ & PS BA Name 
| 2 i te |.8 %| 3] oBle4) & e 
Se _ | &., [a] 2& [88 "| 3/88/23 /s") & Se 
in a) a 4°) 39. 1S| ES fax s/e>| S3\eual 8 as 
a g = ots é = aS 3| Bs 5 g/2 5) Se Sel B a6 
me ale] 2 jo) 8 |< fa o* fa Sia A™ la) ae 
. 
2331 0 8} 0 D | Mi % 
334] ol = 3} 0] z | =z | | 36.0|2 | Palestine; MisU s| P {1,830|10 pire a 
= 235| 0 2} 0) « r 2 |z Waltersburg; MisU 8 | P | 1,990/10 
= 236} 0 2; 0] z z z jz | Aux Vases; MisU S| P | 2,745]13 
A - ; a : z = z |z McClosky; MisL L]| P | 2,730)10 
: 2 A | Mi 2,918 
> 239] of 3/0} z | x | | 24.4 /0.31| Pen s| P| 7solt2 = . 
240 e z z it Degonia; MisU25 S| P | 1,690] 5 
r 241 = z z= {zt Clore; MisU25 L| P | 1,725)12 
P42} OF =O} z z |z | Palestine; MisU $| P | 1840|13 
+243) 0 6] 0] x z |z_ | Waltersburg; MisU $ | P | 1,980|23 
244| 0 43/0} zx z 34.6 |0.24) Tar Springs; MisU $ | P | 2,080)15 
245 z z z |z_ | Hardinsburg; MisU> S| P | 21135] 8 
| 246). 0) 10) 0} = 3 35.2 |0.23) Cypress; MisU S| P | 2,430/10 
247) 0 4,0) cz z =z |t McClosky; MisL L | P | 2,805/10 
» 248} 0 13) 0 26 
, 249] 0 1,0 D | MisL 3,020 
250| 0 00) z z z Aux Vases; MisU S| P | 2,815/25 
251) 0 1) 0) z z 36.6 0.19) McClosky; MisL L | P | 2,850\15 
252| 0} 20) 0 D | MisL 2,990 
253| 0 1) 0} =z z zx |z_ | Tar Springs; MisU S| P | 2,175}13 
254| 0 13) 0} z = 38.0 |z Weiler; MisU S| P | 2,480/17 
me 6.255 = ope z z =. |< McClosky; MisL*5 L| P | 2,875) 8 
256 26 
257 ~ a 7 z z 37.2 |0.22| Waltersburg; MisU S| P | 1,765)15 7 ay au 
258 is ‘580 
. 259) O 17| 0} =z z 25.9 |0.23) Palestine; MisU S| P | 1,690/20 
m= 260) 0 3] 1] z 27.0 \0.24| Tar Springs; MisU S| P | 1,880/10 - 
a. 8261) 0 2} 0} zx = 37.0 |0.12| McClosky; MisL L| P [3,465] 6 D | MisL 3,580 
262} 0 24) 0 D | MisL 3,530 
263| 0 18] 0} =z z 38.1 |z Aux Vases; MisU S| P | 3,290)12 
264| 0 1] 0} z E z |t Levias; MisL L | P | 3,340/10 
265 z z s-i Rosiclare; MisL*> S| P | 3,365) 7 
266 4 : “ cd =, 38.6 |0.13] McClosky; MisL L| P | 3,440] 7 
267 26 
268) 0 13) 0} z z 36.8 |0.24) Aux Vases; MisU S| P | 3,275)15 D | MisL 3,515 
269} O 36) 0} z = 38.7 |0.18} McClosky; MisL L | P | 3,337/10 A | MisL 3,380 
270| 1} 390] 0 P ; D | MisL 3,314 
271| 0 21| 0} =x z z |z __| Tar Springs; MisU S| P-| 2,430) 6 
272| O 37| 0} =z z 37.6 |0.25 ; MisU S| P | 2,680)18 
273| 0 82) 0} = = 39.0 |0.19| Bethel; MisU_ S| P | 2,890|20 
974| 1| 179) 0| z z 38.5 10.39] Aux Vases; MisU S| P | 2,970/30 
275| 0 2|} 0} z z 36.0 |0.20) Levias; MisL L| P |3,140|13 
276| 0 23] 0} =z z 39.0 |z McClosky; MisL L| P |3,150)10 
46) 0 6 : 
3! Ol 193) 0 A | MisL 3,450 
279| 0 1) 0} =z z z |z Cypress; MisU S| P | 2,705)22 
- 280} 0} 92/0) « z 38.0 |0.15] Aux Vases; MisU S| P | 3,135}25 
281} 0 12) 0} z z z |x | Levias; MisL L | P |3,200/30 
282] 0 2} 0) = z 38.6 |z Rosiclare; MisL S| P |3,230)15 
283| 0 25} 0} =z Z 38.6 |0.19| McClosky; MisL L| P |3,260/22 
284| 0 61| 0 % ; 
0 58! 0 ‘ A | MisL 3,300 
a 0 2} 00 = z 36.1 iz Tar Springs; MisU S| P | 2,465] 8 
287| 0 56} O| =z £ 38.4 |0.13} Aux Vases; MisU) § | P | 3,050/30 \ 
288| 0 1) 0} z z 35.8 \0.22| Paint Creek; MisU S$ | P | 2,000/11 D MisL 2,387 
989; 0| 6| 0] z r z |z | McClosky; MisL L| P {3110/11 | A | MisL 3,210 
290| 0 60} 0} =z z 38.6 |0.20) McClosky; MisL L | P | 2,790} 8 A | MisL 2,950 
291); 0 0) 0} =z z 38.6 |0.20| MeClosky; MisL L| P | 2,560) 8 N | Dev 4,140 
292) 0 18] 0} =z z 40.2 |0.14| MeClosky; MisL L| P | 2,825) 8 A | MisL 2,935 
293| 0 5] 0) 2 = 39.4 0.15} McClosky; MisL L| P |3,080)11 A | MisL 3,095 
294) 0 410) = x ae | Levias-McClosky; MisL L]| P | 2,790/16 | A | MisL 2,980 
295| 0 1i| 0} z x 35.4 |0.23| Bethel; MisU S| P | 2,065)11 D | MisL 2,355 
296| 0 3) 0) « x 2 i\t McClosky; MisL Ge) PB 2,725) -9 A | MisL 2,880 
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OIL AND GAS DEVELOPMENT IN ILLINOIS IN 1943 


. Number of Oil 
Oil Production Gas Production, 
Total, Bbl.e Millions Cu, Ft.<| @2d/or Gas 
~ 1943 
ue T | Area g 
Field, County Diss Proved, 3 
Acres? a 3 
ae ToEnd | During | %|ToEnd|During| 5. 
5 of 1943 1943 A) of 1948) 19438 | SS | 4 |g 
EI = 2a.| 2 es 
5 S qa B | 3s 
S 3 gz] a | 8 
: : 54 | § |2 
a a = 
297) Elk Prairie, Jefferson......... ean ree 193832 10 700 0 0 0 1 0; 0 
298} Ina, Ton PDs. Ce oh eo ae 193833 20 16,000 500 0 0 2 + - 
209 Kang epensoiee nic. ne een eee 1942 1,100 289,000 258,000 0 0 23 
300 Zz zr z : c 16 13) 0 
301 x Gr x 
302 z z x 0 0 1 1) 0 
303 z a Zz 0 0 
304 6 4, 0 
305|Marcoe, Jefferson......¢2-..22-42+--¢---4e- 193834 20 12,500 0 0 0 2 0} 0 
306) Markham City, Jefferson.................. 1942 320 576,000) 416,000 i 17 5} 0 
307 = x z 
308 x x x 0 0 + - f 
309 
310} Markham City North, Jefferson............ 1943 150 75,000 75,000 0 0 7 To 
311] Mt. Vernon, Jefferson. ............-.-..--: 1943 100 20,000 20,000 0 0 5 5| 0 
312 z r z 0 0 3} 3} 0 
313 x x z 0 0 1 1) 0 
314 z x z 0 0 
315 1 1} 0 
S16) Nason, Jefferson: .a2-......-....--.-: 1943 20 500 500 0 0 1 1) 0 
Sly Roaches, efcrsoneans epee n yee ae 1938 160 428,000 40,000 0 0 il 1) 2 
318] Waltonville, Jefferson...................... 1943 20 5,000 5,000 0 0 1 1) 0 
319) Woodlawn, Jefferson..................0)>- 1940 1,320} 6,967,000} 1,436,000 0 0 162} 14) 1 
320 z x x 0 0 1 Ji) 10 
321 z Lz z 0 0 161} 13} 1 
322] Dix, Jefferson, Marion.................... 1938 1,510} —3,541,000| 530,000 0 0 8450-3) 
323 z z z 0 0 83 3} A 
324 x z Ir 0 0 1 0) 0 
325| Kell, Jefferson, Marion.................... 1942 10 1,000 x 0 0 1 0} 0 
Beman, Lawrence 20 2,000 2,000 0 0 1 0} 0 
10 2,000 1,500 0 0 1 0} 0 
1,720 0 0 5,526 1,236 59 5) 0 
270 0 0 z = 16 5} 0 
. 1,650 0 0 z z 43 0} 0 
331] St. Francisville East, Lawrence.............. 1941 90 80,000 33,000 0 0 9 0} 0 
332| Carlinville North, Macoupin............... 1941 30 500 200 0 0 3} 0} 0 
333] Plainview, Macoupin...................... 1942 10 800 300 0 0 1 0} 0 
334 Marine, Madison. ..... 1943 120 18,000 18,000 0 0 42S leao 
335] St. Jacob, Madison.............0....-.---- 1942 1,040 685,000 424,000 0 0 33} 10) 0 
3G) Almay Marton, ccs taken nn na Cae 1941 20 39,000 12,000 0 0 4) ok 
337| Exchange, Marion....... 1943 80 8,000 8,000 0 0 2 2} 0 
BOSE atOKa Manto. aces syne ne nme 1937 910 3,137,000 298,000 0 0 133 3| 6 
339 890 x x 0 0 129 2| 6 
340 30 r z 0 0 3 0) 0 
341 40 z z 0 0 1} 1] 0 
342) Patoka East, Marion....... 1941 430 1,813,000} 470,000 0 0 59 Shesl 
343 z z Fa 0 0 Babes Bia ah 
at x z z 0 0 5 4 
, 1 
346| Salem, Marion.................0........ 1938 | 9,270] 177,241,000] 10,659,000 0 o | 2,444] 26] 0 
347 9,270 r x 0 0 481} 21) 0 
348 x £ x 0 0 152} 0] 0 
349 z zr E- 0 0 5 4) 0 
350 x x x 0 0 551] 1} 0 
351 x x x 0 0 8} 6} 0 
352 5,000] 33,738,000} 917,000 0 0 541 0} 0 
353 1,000 2,049,000} 336,000 0 = 0" ails 
354 Sipe 706) 0} 0 
S56); Lontldflartonen, v.00 «tee te oe ae 19389 430 6,278,000 689,000 0 0 58 at. 
356 x Fo z 0 0 5} oO}, 0 
357 x x x 0 0 15} 0} 0 
358 x x x 0 0 31 2] 0 
359 z} 1,466,000 88,000 0 0 6} =o}: “0 
360 1] 0 


32 Abandoned 1940. 


33 Abandoned 1941. 


34 Abandoned 1941. 
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Wells Produc- cree Character ‘ Weert 
ing? ressure, Lb. ry D sng it ati eepest Zone Tested? 
Dec. 1943 | per Sq. In. of Oil ESERISAR Srey to End of 1943 
Oil 3 
+ = |g 
: ml 
Sie Sales 
4 3 Bi Name and Age? BS BZ Name 
= z Ey <4. = hl) > a|P re 
S| wo) is S 3| sf |S Se) oS tert) ‘sf, 
=|6\2.|.| 2 | Ss [S| 8 |e 8/20 23/35) 2 as 
a] 6] $= 1/3) S| eS /8] ea |es S\£5| BES) 3 ac 
S[e| 2 [S| 8 | 2 [8] 63 ae B\ES| SX \E| 5 ae 
297| 0 0} 0) « z z |z | McClosky; MisL L| P | 2,720) 7 | D | MisL 2,960 
oe : P 3 z z 36.4 0.20) St. Louis; MisL L | P | 3,000 D | MisL 3,065 
A/D 4,760 
300} 0| i6/o| = | = | | 38.6 \0.17| Aux Vases; MisU 8 | P }2,740/22 * 
301 z z z |z_ | Levias; MisL?5 L| P }2,770/11 
302) 0 1) 0] z © 39.6 |0.16) Rosiclare; MisL S| P | 2,815/10 
ae B a z z z |= McClosky; MisL*5 L| P | 2,840) 7 
: - : z * | 23.2 |0.54, McClosky; MisL L| P |2,745/11 | D | MisL 3,066 
A | MisL 3,215 
307 x £ | x |x | Levias; Mish? L | P {3,060} 5 
308/ 0 16] 0} z z 38.2 |0.08) MeClosky; MisL L| P |3,065) 5 
309} 0 1,0 ] | 26 
310] 0 740) xz | z = |= | McClosky; MisL | Po} 3,115) 7 MisL 3,130 
311} 0 5) 0 | A | MisL 2,905 
312] 0 3) O| z z z |z Aux Vases; MisU S| P | 2,685) 9 
313} 0 1,0) z = = McClosky; MisL L| P | 2,800] 7 
oe 2 ie z z z jz | Levias; MisL% L | P | 2,750] 6 
26 a 
316| 0 110] = z ) z \. Rosiclare; MisL S| P |2,765| 7 | A | MisL 2,805 
317| 0 9} 0} zx z | 37.0 0.22) Rosiclare-McClosky; MisL L| P | 2,185)22 D | Dev 3,840 
is 9 x : z r 37.8 |0.14| Bethel; MisU S| P |2,465/12 | A Mist, ee 
A is F 
320| 0 1; 0} =z = e-- Cypress; MisU S|} P | 1,780)11 
a : = : z = _ 37.8 |0.16) Bethel; MisU S| P | 1,960|24 a ‘tp aie 
ev ’ 
323| 0 82] 0} =z 275 39.0 |0.23) Bethel; MisU S| P | 1,950/13 
324| 0 1,0) z z z iz Rosiclare; MisL S| P | 2,100] 8 ; 
325| 0 1} 0} z x 36.2 |0.26) McClosky; MisL L| P | 2,625) 2 | A | MisL 2,720 
326; 0 1) 0} z z i. ae McClosky; MisL L| P | 1,835) 6 A | MisL 1,845 
aH : ates £ z 32.0 iz Buchanan; Pen S|} P | 1,515)14 , see a 
0 ev ’ 
329} 0 0/16) =z £ Bridgeport; Pen S| P | 760)15 
330} 0 0/42) z z Buchanan; Pen S| P |1,110}11 P 
331} 0 9) 0} = = 39.8 |0.21) Bethel; MisU § | P |1,7651,.8 A | MisL 1,960 
332] 0 3] 0) =z z 20.3 |0.35) Pen Sie 495|10 D | Pen 530 
333] 0 1) 0} zx 2 =) Pen S| P| 400) 5 A | Pen 420 
334} 0 4/0} z z z {zc |Sil L| P | 1,735 A | Ord 2,590 
335] 0 23] O| =z z 40.0 |0.23) “Trenton”; Ord L| P | 2,280/30 | A | Ord 2,485 
336| 0 2| 0] x £ 37.1 |z Bethel-Rosiclare; MisU-L S| P | 1,980/21 A Dev 3,692 
337] 0 210) =z z z |z McClosky; MisL L| P | 2,735) 8 ~ Mist ihe 
338} 0) 102! 0 ev B 
339) 0 98] O| =z 30 39.5 |0.16) Bethel; MisU S| P | 1,425/25 
340| 0 3) 0} =z 50 40.9 |0.31) Rosiclare; MisL 8] P | 1,560)10 
341| 0 1} 0] z z 40.0 |0.28) Dev L| P | 2,835/10 res rah 
342] 0 58| 0 ’ 
343| 0 53) 0} z zr 36.1 |0.23) Cypress; MisU S| P | 1,340/20 
344) 0 5) 0} « < 36.1 |0.23) Bethel; MisU S| P | 1,465)12 
345| 0 1| 0 “ox ae a 
346] 0} 2,408) 0 P - A | Prairie du Chien } 5,655 
347| 0| 468) 0| z z 38.5 |0.20| Bethel; MisU__ S| P | 1,795)40 
348] 0} 145) 0} z z 38.6 |0.21) Aux Vases; MisU S| P | 1,815/28 
349) 0 5 0 z 39.0 |x Rosiclare; MisL S| P | 1,950)5 
350] 0} 530] 0) z z 39.0 |z McClosky; MisL L| P |1,975|17 
351] 0 8) 0) =z z 39.0 |x Salem; MisL L| P | 2,155}17 
352] 0| 454) 0} z Fd 42.1 |0.28) Dev L| P |3,350\60 
353] 0 99| 0} zx z 42.0 |x “Trenton”; Ord L| P | 4,500|50 
: 26 
- se 7 0 D | Dev 3,550 
356 | 0 5) 0) « z 39.0 |z | Bethel; MisU_. S| P | 1,930)20 
357] 0 15| 0| z z 39.0 |x Aux Vases; Mis S| P | 2,005)30 
358| 0 30] 0} =z z 39.4 |0.21| McClosky; MisL L| P | 2,135/15 
359) 0 6] 0] =z x 41.0 |z | Dev L| P |3,490)15 
360} 0 1| 0 ea 


308 OIL AND GAS DEVELOPMENT IN ILLINOIS IN 1943 


TABLE 1.—(Continued) 


: “ fe Number of Oil 
Oil Production Gas Production, and/or Gas 
Total, Bbl.¢ Millions Cu. Ft. Wells/ 
Year A % 1943 
of rea S 
Field, County Dis- Fore i: 
sh fe To End During | 2|ToEnd| During} os 
3 of 1943 1943 = of 1943 | 1943 =e = 
g 2 zs | 2 
= a S 
3 3 ez) E 
s & oF iS 
z - 25 0 
361) Fairman, Marion, Clinton..........-.----- ae 4 eee ayo : 4 ! : 
362) Mt. Olive, Montgomery...........-----++-: eg er 3 Q 4 1 
363] Raymond, Montgomery.........-.-.--+-++- 1940 60 yor pee 4 4 0 
364| Waggoner, Montgomery..........-..----+-: 1940 40 See ge : “ 3 0 
36D] Taman oasnPerny sa celenceictee eters eee ae 1942 50 3,00! a i - 1 0 
366) Amity, Richlands. 25.1 svaeetemectees ct nae 1942 20 3,000 nee “ + 1 0 
367| Bonpas, Richland. ....0..v0e0.+--20- +e ees: 1941 40 63,000 seen : ~ 12 2 
368] Bonpas West, Richland..............-+-+- 1941 260 101,000 20,0 : 1 0 
369 10 z iz 4 3 1 0 
31 140 Zz 2 0 0 10 2 
SCAlNOples) RACKIANGs eh aie Hevea 1937 4,650 17,167,000} 2,509,000 on rs 7 a 
314 : = : Sl ce pera 
3 2 
3751 Olney, Richland. sea q.0. dose eesee = octe 1937 585| 1,370,000] 152,000 0 0 i 
317 f - > oS | Sed aes 
z z 
378! Schnell, Richland... ...02 seen. dem. oee- =e 1938 160 275,000 101,000 0 0 ll ri 
379] Stringtown, Richland..............-....--- 1941 140 159,000 43,000 0 0 a 
| Parkersburg, Richland, Edwards............ 1941 710 2,783,000} 674,000 : : i " 
x z x 
382 z x z 0 0 35 : 
383] Parkersburg West, Richland, Edwards....... 1943 80 11,000 11,000 0 0 ‘ 2 ; 
384] Dundas Consolidated, Richland, Jasper... ... 1939 6,580} 10,406,000; 964,000 0 0 81 
385 100 x z 0 0 5 1 
386 20 z z : : 2 0 
387 z z x 
388 6,500 2 z 0 0 269 1 
389 100 5 0 
390} Dundas East, Richland, Jasper...........-. 1942 360 430,000 317,000 0 0 14 3 
SOL Mdorado, Sales. meneame eee eee 1941 40 6,000 2,000 0 0 2 0 
BOA Lakewood sSReloios nec. ches secon ue ceiee 1941 20 23,000 7,000 0 0 2 0 
393 10 z z 0 0 1 0 
394 10 z z 0 0 1 0 
395] Stewardson, Shelby...........0.ccueceveees 1939 70 40,000 9,000 0 0 5 2 
396) Friendsyille, Wabash.................0-00% 1942 320 143,000 133,000 0 0 29| 22 
397 z z x 0 0 9 6 
398 x x x 0 0 1 1 
399 x z x 0 0 9 6 
400 = z z 0 0 2 1 
401 z x = 0 0 5 5 
i | ovo otal) Olea 
404| Keensburg Consolidated, Wabash........... 1939 2,725 8,908,000} 1,142,000 0 0 336 6 
405 : = z z 0 0 19 1 
406 z z x 0 0 2] 90) 
407 zr z z 0 0 4 0 
408 z z z 0 0 9 0 
409 x z x 0 0 250, 3 
Hi z z x 0 0 1] @ 
be z z z 0 0 8| 0 
ae x z z ees 4) 0 
ey a z z 0 0 ul 1 
15 
415] Keensburg Hast, Wabash................... 193935 20 x x 0 0 3 0 
416| Maud, Wabash atc... sc ceemineeee ales 1940 250 336,000 38,000 0 0 20 0 
417 zr = 0 0 2 0 
418 x z 0 0 1 0 
419 r & 0 0 1 0 
420 % z 0 0 15 0 
421 1 0 


86 Abandoned 1943. 
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Character . : ; Dee P 
- : eepest Zone Tested? 
of Oil | : Producing Formation peEnd of 1948 
els 
= od | 
= Ss l3s 
ef 2 Name and Age? ranee es ee ents 
ne |e8 18 \58| 22 (se 2 si 
#5 20 8 /S0/ 58/8") 2 ee 
#3 SE) SlEslee lee] 8 as 
ae eal 5S Pola Am an = aa 
-2 |0.21 + MisU $ “ ” 
asa waa AES oh aE aes rae 
34.8 |0.22) Pen Sa 580/18 D | Pen 600 
28.0 |0.21, Pen S$} P| 610/14 | D | Dev 1,785 
xz |Z | Weiler; MisU S| P |1,125)10 | A | MisL 1,530 
< |: McClosky; MisL L| P | 2,960) 7 | A | MisL 3,090 
37.8 | McClosky; MisL L| P |3,120} 8 | D | Mis, 3,200 
D | MisL 3,200 
z |z | Bethel; MisU S$ | P | 2,930/10 7 
2 (|t Levias; MisL L | P |38,070|10 
38.1 |Z McClosky; MisL L | P |3,130] 6 
A | MisL : 3,200 
38.0 |0.27| Cypress; MisU s| P |2,545/20 A 
39.0 |0.17) MeClosky; MisL L| P | 2,955/10 
A | MisL 3,220 
z |z_|Levias; MisL L| P |3,060| 8 ae 
37.2 |0.19) MeClosky; MisL L | P |3,050) 9 
37.0 0.19) McClosky; MisL L| P | 3,010} 6 D | MisL 3,175 
39.8 |0.24) McClosky; MisL L| P |3,025] 8 * MisL, 8,080 
i 200 
z |z _| Weiler; MisU S| P | 2,830/18 re 
38.0 0.31) McClosky; MisL L| P |3,120)12 
2 |s McClosky; MisL L| P |3,250] 5 5 i 8,260 
Vv 585 
37.0 \z | Cypress; MisU $| P |2,570)23 
38.0 |z Aux Vases; MisU S| P 4 2,705/10 
=z |z Rosiclare; MisL*5 S| P | 2,845 
38.4 |0.17) McClosky; MisL L | P | 2,870/13 
26 
2 McClosky ; MisL L| P {3,000} 8 | A | MisL 8,105 
34.2 |0.14) McClosky; MisL L| P | 2,945) 5 + aia pu 
i 875 
29.6 |z _| Bethel; MisU S| P | 1,690] 8 % 
31.7 |0.23) Aux Vases; MisU S| P | 1,725) 9 
37.8 |0.18) Aux Vases; MisU S| P | 1,940} 5 2 eae hee 
: is 685 
31.0 |0.22| Biehl; Pen S| P }1,760)21 
27.3 |0.25) Palestine; MisU S| P | 1,785)1 
35.2 |0.17| Cypress; MisU S| P | 2,295)12 
36.7 |0.18| Bethel; MisU S| P | 2,465)10 
z |z Levias; MisL L | P | 2,625/10 
z |t McClosky; MisL L| P | 2,650/11 
26 
A | MisL 3,065 
38.0 |z Biehl; Pen S| P | 1,720)14 
z |z Clore; MisU S| P | 1,810) 9 
zc Palestine; MisU § | P | 1,830/16 
z |t Tar Springs; MisU S| P | 2,060)15 / 
38.6 |0.29| Cypress; MisU S| P | 2,445)18 
2 |t Paint Creek; MisU § | P | 2,550)12 
36.6 |z Bethel; MisU S| P | 2,570/18 
z |z Aux Vases; MisU S| P | 2,760/30 
37.9 |0.38| McClosky; MisL L| P | 2,790) 7 
26 ° 
37.6 |0.26) McClosky; MisL | P }2,705| 6 ; 1 ae 
is i 
37.7 Iz Waltersburg; MisU S| P | 1,935)21 
z |e MisU § | P | 2,120)12 
38.0 |0.30| Rosiclare; MisL S| P | 2,640) 9 
38.0 |0.30| McClosky; MisL L | P | 2,650) 8 
26 
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a a OE eS ee ee 


p 4 Number of Oil 
Oil Production Gas Freda, and/or Gas 
Total, Bbl.¢ Millions Cu. Ft.¢ Wellsf 
Year oe 1943 
of Area & 
Field, County Dis- ee ’ a 
T 2 
covery : > 
To End During | @|/ToEnd| During] o 
8 of 1943 1943 [AJ of i943] 1948 |=S] , | 
2 Hl Or ealll es a 
g ‘B 2s | 238 
a 
- 3 ae | a des 
a z SH |S lea 
o a4 ie 
422) Mt. Carmel, Wabash..........-..0en2e-+s 1940 3,025 3,610,000 neape 4 : vt “ ; 
ven ; Z x 0 0 1 0) 0 
425 z fon x 0 0 1 0} 0 
426 x z z 0 0 182) 52) 4 
427 z z x 0 0 2 by ees) 
428 z z x 0 0 2 0} 0 
429 z zi 4 4 : 38 5 0 
430 “ 
2) 0 
431) Mt. Carmel West, Wabash................- 1939 60 9,000 8,000 0 0 4 
A32\Patton, Wabash ssscaac sachsen eee a 1940 40 5,000 1,500 0 0 5 1} 0 
433 : 30 x x 0 0 4) =e SPO 
434 20 Lr z 0 0 1 0 : 
435] Patton West, Wabash...............--.--- 1943 80 17,000 lai _ : : 5 0 
x z 
re z £ z 0 0 2 2 ‘ 
ro Lancaster, Wabash, Lawrence...............- 1940 400 545,000 60,000 : ; * 4 : 
x x z 
440 x x Lr 0 0 29 0} 0 
A44Ul\ Cordes, Washington so. «+a. 0a: 6-62 as ee 1939 1,500 2,544,000 383,000 0 0 138 7; 0 
442) Dubois, Washington..............-.-..-.-- 1939 140 105,000 21,000 0 0 10 0 ‘ 
_ 443) Dubois West, Washington 1942 10 4,000 2,000 0 0 1 0 : 
444) Irvington, Washington..................--. 1940 800 2,854,000 551,000 0 0 85 2 
445 x Fd x 0 0 2 1] 0 
446 z z = 0 0 75 1} 0 
447 z z 104,000 0 0 ‘ : f 
448 
449| McKinley, Washington...................- 1940 80 167,000 31,000 0 0 7 1} 1 
450 50 z F 0 0 6 1} 0 
451 x Lr ,2 0 0 1 ee 
452) Aden North, Wayne..................0--0- 1938 1,160 3,063,000 305,000 0 0 67 10 
453 a z x 0 0 1 1] 0 
454 x z % 0 0 66 0; 0 
455) Barnhill Waynes sc. ace 1939 880 1,685,000 103,000 0 0 65 Lee 
456 x r z 0 0 1 1] °@) 
457 z z z 0 0 61 0} 0 
458 z x x 0 0 1 4 : 
459 9 
460) Barnhill East, Wayne...... RS ee wee 1939 625 266,000 231,000 0 0 19 14) 2 
461 x z x 0 0 5 3} 0 
462 x x x 0 0 1 1] 0 
463 x x z 0 0 1 0} oO 
464 z x x 0 0 9 7 2 
465 ie mel 
466] Boyleston, Wayne. ..:.. 0... ..0..ecscevesss 1938 2,480 3,484,000 461,000 0 0 117 3) 4 
467 x x £ 0 0 1 lj 0 
468 z z x 0 0 1 0} 0 
469 = z < 0 0 1 0} 0 
vik x x x 0 0 me : i; 
ATA NCISnOs W.GUNB at «actin ca Rib eRteenn ane aero 1937 920 2,792,000 152,000 0 0 48 0; 0 
e abs boy ets} Fup 8% 0 0 2} of 0 
474 angi z z 0 0 1 0} 0 
475] F : z| ! Fr 0 0 45 0} 0 
476) Cisne North, Wayne.............0.0...., ~ |1942 20 " 7,000). ~ 5,000 0 0 2 1} 0 
pik Coll sWayrteutinsdtvccoe cuties emteae ceee 1942 400) | , 590,000) 337,000 0 0 16 iw 
479) et Y | doe tees aie 1 a a 
480)\Covington, Waynex../.0./- 0 seinen uence: 1942 1,620 2,071,000} 1,001,000 0 0 46} 14) 0 
481 x z 2 0 0 1 0} 0 
482 s x x 0 0 9 5} 0 
. x z x 0 0 33 8 ; 
. 3 1 
485] Covington South, Wayne.................. 1943 280 51,000 51,000 0 0 7 Alem!) 
486|| Pairfield) Waynes... .5,c.5, tam asa 1942 20 5,000 4,000 0 0 1 0} 0 


e 
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TABLE 1.—(Continued) 


grr 


: Character 
ing? Pressure, Lb. i >, ai . Deepest Zone Tested? 
Dee. 1943 ner 84. i, of Oil Producing Formation to End of 1943 
Oil a 
4 8 sglge 
Sia S$ 8,2 
} 3 Fa As Name and Age/ me ee Le a wee 
Y g 3 z Bl Sei 18 S| 8) os |23] & Wes 
F 2/2/E_| | 3 | Ss (e] 28 eS aiBelas (84) 2 is 
| #£/2| 28 |3| 2] #8 |8) 82 (Ss SlEs Be iss 3 32 
le 27 15] 8 | 47 la) 0° ja® SIRM AN aS) a ' am 
0 276| 0 A | Mi 
0 37) 0} z z 32.0 jz Biehl; Pen s| P | 1,450/14 isL 2,475 
0 1) 0} z r = Palestine; MisU S|} P | 1,540)10 
0 1} 0} =z 2 ae Tar Springs; MisU S| P | 1,790) 4 
0 175| 0} =x z 38.4 |x Cypress; MisU S| P | 2,035/15 
0 2} 0} = zr ace Bethel; MisU S| P | 2,100}15 
0 2} 0} = - 36.6 |0.36) Rosiclare; MisL S| P | 2,360] 4 
: = : x z 38.4 (0.42 McClosky; MisL L| P | 2,370|10 
: 2 = z 30.0 0.25) Tar Springs, MisU S| P | 1,940/15 D | MisL 2,555 
A | MisL 2,315 
0 3} 0) z z z |z | Biehl; Pen S| P |1,470]15 
0 : 0}. z = z it McClosky; MisL L| P | 2,310] 4 
0 0 A | MisL 2,415 
0 2) 0| =z s ee Rosiclare; MisL S| P | 2,325] 6 
0 = 0} =x z = & McClosky; MisL L | P | 2,360] 9 
0} 24) 0 A | MisL 2,765 
0 5} 0} z = = ie Bethel; MisU S| P | 2,535/11 
0 19} 0} z z 39.8 |0.28} McClosky; MisL L| P | 2,685) 9 
0} 137) 0] =z x 37.4 |0.19| Bethel; MisU S| P |1,260]/17 | A | MisL 1,550 
0 10| 0} =z z 38.0 |0.26) Bethel; MisU S| P | 1,360j)11 D | Dev 3,535 
0; 1 : z = we i Bethel; MisU S| P | 1,345] 6 ‘ eee 1,685 
0 84 lev 3,150 
0 2} 0] zx z = J Weiler; MisU S| P | 1,385)14 
0 74, 0) z z 37.6 |0.16) Bethel; MisU S| P | 1,535/10 ’ 
0 7| 8} <= 2 39.0 |0.27| Dev L| P | 3,090) 5 
0 1,0 26 
0 5} 0 D | Dev 2,565 
0 5] 0} z z 44.1 |0.18) Bethel; MisU S| P 980)14 
0 0} 0} z z 41.7 |z Dev L | P | 2,250) 4 “hts ‘ 
0 62| 0 ev 5,395 
0 1] 0} z z o> is Aux Vases; MisU S| P | 3,200]15 
0 61/ 0} z z 39.0 |0.17) McClosky; MisL L | P | 3,320)12 He Pas ee 
0 61| 0 is ; 
0 1] 0] =z z a) ie Aux Vases; MisU S| P |3,225)14 
0 57| O| = z 37.6 |0.17)| McClosky; MisL L | P |3,385}11 
0 1) 0] = z z {zs Salem; MisL L| P |3,792| 8 
2! 0 % 
16} 0 D | MisL 3,530 
0 4) 0) z z |e Aux Vases; MisU S| P |3,240/12 
0 1) 0} z z 2 ys Levias; Mis. L| P | 3,285) 8 
0 1k) GO} iz z xr iz Rosiclare; MisL S| P |3,320) 5 
0 7| 0} z z 34.4 |0.18) McClosky; MisL L}| P |3,375| 7 
+ 26 
0 110 0 x. A | MisL 3,495 
0 1] 0| =z z 39.6 jz Aux Vases; MisU S| P |3,090}12 
0 1} 0] z z ze Levias; MisL L| P |3,215}11 
0 1] 0} z z 40.2 |0.14) Rosiclare; MisL S| P |3,250| 4 
0 104) 0) = Zz 40.2 |0.14| McClosky; MisL L| P |3,260}14 
26 
0 48| 0 ; A | St. Peter 7,205 
0 210) =z 3 38.5 |x Aux Vases; MisU S| P | 2,980)13 
0 1] 0} z + z iz Rosiclare; MisL S| P | 3,010) 4 
0 43) 0} =z z 35.8 |0.24| McClosky; MisL L | P |3,120)15 . 
0 2] O| =x = 39.0 |z McClosky; MisL L | P |3,170|10 A a ee 
14| 0 , 18 ’ 
12} 0} = = 37.1 |0.20|) Aux Vases; MisU S| P | 2,860)16 
0 2| O| = z 37.5 |z McClosky; MisL ee 3 Ned sar 
0 “i 0 z z z |c | Aux Vases; MisU ae]| 2s 
0 9} 0} =z z 40.0 |x Levias; MisL | 1 ip pes 
0 33) 0| =z z 40.0 |z McClosky; MisL Ey) 2 
0 3| 0 ‘ 
x 39.4 |0.18] McClosky; MisL GaP: 3,365 
0 i 0 ‘ z z |z | Aux Vases; MisU 8) ||P 3,390 
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TABLE 1.—(Continued) 
an nr rr 


ecoooo HHOH 


: f Oil 
Oil Production Gas Production, Ne one : 
Total, Bbl.¢ Millions Cu. Ft.¢ Wells? 
z 1943 
ies TT! Area < 
Field, County Dis- Hack ie 
a 
covery] “"°S") goEnd | During |2|ToEnd| During} on 
8 of 1943 1943 (QJ of 1943] 1948 | SS | 5 |g 
q a Or eee 
‘Ss 3 at re inaeg S 
eA Re Bg | 2) Ee 
2 E #a| 8/8 
5 a Oo Ori\ea 
. 419 300 413,000 293,000 0 0 19 41 0 
re Geta athe pererccit tes atetcs see cine 1941 : ss i 4 12 Oke 
489 iz ‘ad fi 0 0 ve 4) 0 
490 Galt Wiest.) WGaynesecs jen ldteereaoei= sere ce 1942 60 32,000 20,000 0 0 3 (0) 
491) Goldengate, Waynes. .....encscsr-+seee es 1939 60 32,000 15,000 0 0 3 0} 0 
492 < z 7 z 0 0 1 0} oO 
493 z x x 0 0 2 0} Oo 
494! Johnsonville, Wayne...........-.....22000- 1941 4,120} 12,867,000} 2,199,000 0 0 247 Ohne? 
495 z x e 0 0 33 0} Oo 
496 z z E 0 0 
497 ; z oe x 0 0 si : 2 
498 0 
499] Johnsonville North, Wayne................-|1948 40 5,000 5,000: 0 0 4, 1] 0 
500} Johnsonville South, Wayne............-.... 1942 20 11,000 9,000 0 0 2 0); 0 
501 z x i z 0 0 1 0} 0 
502 x = z 0 0 1 0} 0 
503] Johnsonville West, Wayne.........-......- 194236 40 1,500 z 0 0 2 tt 6 
504 z z * 0 0 1 ba 
505 z = x 0 0 1 0} 0 
506] Leech Township, Wayne................... 1938 240 401,000 48,000 0 0 14 (1) nt) 
507 | Mayberry. Wayne: tobe cece nee cece 1941 330 161,000 55,000 0 0 6 0} 1 
OS| UMt-Biries Waynen... «a0 deanna cee sees 1938 380 308,000 211,000 0 0 20 9} 0 
509 z z x 0 0 9 6} 0 
510 = % z 0 0 1 0} Oo 
511 z x x 0 0 9 3] 0 
512 1 0} 0 
513) Mt. Brie South; Wayne... ......00.-.20-<1 = 193987 360 50,000 41,000 0 0 9 42 
514 x 03 z 0 0 4 4) 0 
515 z 2 z 0 0 2 2), «0 
516 z z = 0 0 1 0; 1 
BLes zr z x 0 0 2 That 
SUSRinard Ss Waynesccs: ..0c een ele ae oe eee 193788 20 15,000 z 0 0 2 Lest 
519 x z z 0 0 i Lew 
520) z r z 0 0 1 0] Oo 
2d Sims’ Wayne vac iccwst ae eee aoe ae 1941 1,660 2,614,000 950,000 0 0 60 4) 1 
a2 z z # 0 0 12 2] 0 
= z z 0 0 
524 z z z 0 0 
oe x z z 0 0 rd 2 
a 1 
527| Sims North, Wayne. «.....02 «eevee. ce-- see 1942 720 600,000 525,000 0 0 29 He 
. faecal he 
rz x 
530 x x = 0 0 3 0 
es x z z 0 0 4 2 
533] Aden, Wayne, Hamilton................... 1938 880 821,000 291,000 0 0 a ‘a 
— = z = 0 0 1 1 
x z z 0 0 9 0 
536 z z = 0 0 
537 x z x 0 0 
538 10) %-9 
620) Burnt Praine., White. . .ccatvotatee ae eee aes 1940 270 380,000 53,000 0 0 20 0 
al : . si : : ae es 
ye Cakyiny North; Whtte.j.fo.n<ans0s oy -sckece 1943 210 128,000 128,000 0 0 24, 24 ‘ 
544 “ rs : ‘ 13} 13) 1 
ne x z z 0 0 i 1} 0 
547 4 ° : is | 4 eae 
: x x x 0 0 1 1] 0 
x zr © 0 0 4 4| 0 
1 1; 0 


548 
549 
36 Abandoned 1942, revived 1943. 


38 
37 Abandoned 1941, revived 1949. Abandoned 1941. 
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TABLE 1.—(Continued) 


F Wells Produc-| _ Reservoir 
. ing? Pressure, Lb. Soe Producing Formation Deepest Zone Tested? 
ie Dec. F043 per Sq. In. to End of 1943 
Oil a as | 
2 | 2 
5 s3\8 
Sle | Ae ta © 
3 Es fy TM Name and Age? ee tape an ree 
Bs ka SB (fl Se | sal 8] 58/23 \22| 3 sf 
=| € lg<|,| 2 | s@ [2] =3 |as| elo | 23 | 3 3 ac 
Bis Ss }o; G2 |o9 Pa) rE b| 3 os 

S| = A) 2 | 4° |e) 53 ja" é|s#/a* |E4| § EE 

cr 

487| 0 0 D | MisL 3,32 

4ss| 0 0} s z 40.4 [0.13] Aux Vases; MisU s| P |3,065/14 i aa 
» 489) 0 0} z z 34.0 |0.33) MeClosky; MisL L| P | 3,135) 3 

490 ; ' z zr / z |z_ | Aux Vases; MisU §| P |3,130/12 p Mist: 3,320 

os Dev 5,645 

492} 0 0} z x = | Rosiclare; MisL S| P |3,320) 5 ; 

493| 0 0} z zr 34.4 0.18} McClosky; MisL L| P |3,875| 7 

494) 0 4 A | MisL 3,390 

495! 0 Oj z z 39.4 /0.41) Aux Vases; MisU S|} P | 2,980)12 

496 z z Sis Levias; MisL*5 L | P | 3,040)10 

497| 0 205) 0} z = 39.4 10.16 McClosky; MisL L| P | 3,070/15 

498; 0 7| 0 *.] 

499; 0 1) 0} z =. 4 a 3 Levias- MeClosky; MisL L | P | 3,190) 9 A | MisL 3,320 
mem, Oo | 20 : A | MisL 3,240 
- BOI] O 1) 0} z F 3 39.0 jz Aux Vases; MisU S| P | 3,030/20 
* 502) 0 i Ol 2 = = McClosky; MisL L| P } 3,210} 3 : " 

oe te Mis 3,185 

pe 0 1} 0} z s = is Aux Vases; MisU S| P | 2,970)15 

505; 0 0} 0| =z z on McClosky; MisL L| P | 3,105) 6 

506| 0 | 14,0| z | = | | 39.0 /0.19| McClosky; MisL L| P {3415/11 | D | MisL 3,485 

507| 0 | 5|0| z | = | | 38.0 |0.16| McClosky; MisL L| P [3.40] 7 | D | Mist 37440 

cies is 3,215 

a ; 9} 0} z r 39.2 |0.11| Aux Vases; MisU S| P | 2,975|17 

510} 0 1,0) z z = te Rosiclare; MisL S| P |3,070| 7 

511) 0 9} 0} x z 39.8 |0.18} McClosky; MisL L | P |3,080/10 

512] 0 110 36 ; 

6) 0 D | MisL 3,380 

bd : 4/0) z z 37.2 |0.14| Aux Vases; MisU S| P | 3,070)15 

515| 0 2} 0} z = z= it Levias; MisL L| P |3,120) 8 

516} 0 0} 0} =z z ae 2 Rosiclare; MisL S| P | 3,255) 9 

517| 0 0} 0} z zr 31.7 jz McClosky; MisL L| P |3,265/11 me ea es 

is 

Be : ° Q z z zx it Aux Vases; MisU S| P | 2,955}15 

520; 0 0} 0} =z * 38.5 |z | MeClosky; MisL L{ P [3,155] 5 Sie oe 

AS. . 

Be 0 = 3 z z 40.4 |0.20| Aux Vases; MisU S| P | 3,030/15 

523 z s 39.1 jz Levias; MisL*5 L| P |3,112] 5 

524 z x ae Rosiclare; MisL*5 S| P |3,130] 8 

525] 0 28; 0] z = 39.1 jz MoCiosky; MisL L| P {3,170} 8 

526| 0 | 18) 0 a ake ae 

527| 0 | 27/0 is : 

: xo. ONE Aux Vases; MisU S| P | 3,130]10 

NES Mie ae as z |r |Levias; MisL? L| P |3:145| 8 

530| 0 2) 0| =z z Cae Rosiclare; MisL S| P |3,150) 8 

Dol, Oo 4| 0| = z 37.5 |0.19| McClosky; MisL L| P | 38,185) 4 

i Ae A | MisL 3,460 

533 19} 0 : 

= |z Aux Vases; MisU $ | P }3,175)15 

ee F 3 : 4 40.0 |r McClosky; MisL L | P |3,285| 7 

536 z zr z |z_ | Levias; MisL® L| P | 3,290] 5 

537 zr z z Rosiclare; MisL*5 S| P |3,320/10 

4 D | MisL 3,435 

am eal z z z Rosiclare; Mis 8 | P |3,260] 9 
541 z (3 37.0 0. 28 McClosky; MisL L| P [8,425)11 «| ist <i 
542 Ue 
30.0 |0.29| Pen S| P | 1,505}15 

Ly eee z |r| | Palestine; MisU2 8 | P |1/995|11 

rH = % z |e ‘| Waltersburg; MisU S| P | 2,255/15 

546 z z 34.0 |0.30| Tar oP isU S$] P | 2,330)17 

z z 38.4 10.19] Bethel; 3 - 815} 11 
rz z ee 
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TaBLE 1.—(Continued) 
Soa ee eee 
Number of Oil 
and/or Gas 
Wells/ 


Oil Production Gas Production, 
Total, Bbl.c Millions Cu. Ft.¢ 


Year | Area 1943 


Field, County ae i Breve ‘ 
- | Acres 


Hees To End During 
of 1943 1943 


To End | During 
of 1943] 1943 


Producing Days, 19484 
End of 1943 


Completed to 
Completed 


| Line Number 


500 |(@arminiy nite samen ene tere Cee: 1940 30 5,000 1,000 
x x 


x x 
553] Carmi North, White....................05- 1942 50 45,000 24,000 
5b4iiCentervilles Witter.) ae enol ae 1940 60 187,000 31,000 
555] Centerville East, White.................... 1941 600 974,000} 471,000 


Ne 


OO Or Be et DCO ee He et BT DO tT HO Here ROO OW et bo 


or 

or 

Go 
HRRRRRE 
Heese ee 


_ 


663] Concord, Waitemata eee eee 1942 1 


for} 


HGHRBHKROHHRHHKROOCHHLRHOHHRS 
oO 
z= 
i=) 
> 
by 
So 
Ss 
Ss 


28,00 


S 
~~ 
S 


an 
a 
or 
Ca 
ee 
or 
G2 
So 
S 
8 SB 
a 


OGUpworth, Whtens teens. aah Ae 1941 1 


Saeaxxa 
a 


572] Gossett, White 
63) Herald,; Whites. 5200.0 teenie ten cee 1940 1 


or 


= 
ra) 
r= 
oo 
He He 
_ 


579] Iron, White 


= 
© 
~ 
Ss 
“I 
a 


2,701, 311, 


wD 


CSCrocoHronwoocooSCCoSCSCSCSoOSOSCSOSCSCSCS emai tec t| Abandoned 


or 
co 
a 
QS 
Ee 
i=} 
eh 
3 
= 
= 
s 
= 
oO 
~ 
har 
o> 
to 
S 


ooo 


ao 
o 
= 
2 
i=] 
EB. 
o 
Z 
ic} 
5 
st 
im 
= 
aS 
a2 
= 
© 
~ 
= 
oa 
bo 
or 
st 


wo 
rr! 
MONO ROOD DOC OCOHPON ENDER OOCORPHENWOROHF DCDOOWROOCOOCSO 


esa eee = Md mera eu ob Gun 


o 
oS 
S 
HHH OCKRRBRES 
md 
ee Suis wae RHHRHOHHAAH 
ten woHrnmwmeawSs en 


on 
r=} 
a 
pS 
= 
Ep 
fa) 
nm 
re) 
& 
oo 
= 
= 
=. 
aa 
= 
o 
oo 
o 
x 
S 
S 8a 


1,361,00 379,00 


S 


oo 


i=z) 
S 
S 
HBEERHBHRHARS 
_ 


BReRHRBHRBH 


606] New Harmony Consolidated, White......... 1939 7,20 


S 


24,022,000) 5,065, 


~ 
bo 
PORE DN OF 


Bococounscconmenu 


oocooocooooooo coceooecoceco coocecooo cocoeoceceoococooooooocoocoo coocoecooocoocec(se 
ecocoooooeoo ocoocoecocooo coocooocoeooo oceocecooocoecoce@coooococoo coococoocoocoocoeooco 


Cxaaiie ee BARARHAHBHR 


HYRRHRBABH 
HYRRHAHBRE OS 


o« 
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ee ee eee 


Wells Produc-| _ Reservoir 


ing? Pressure, Lb. Character : ‘ 
» Lb. of Oilé Producing Formation Deepest Zone Tested? 
Dec. 1943 | per Sq. In. oH : : to End of 1943 
Oil be . \ 
; > |B 
| : ele 
’ ke 3 4 s 8 5 
4 = . s S a Name and Agei PA ee é ~~ abe Name 
¥ z2\2 ‘a 5 2 ne |s8 (3 28| 28/28] s 
ne BS r o|+ S a b= 
> 2|3| S221 2| oe [2] 2 as elg¢|seleel Be 
apes. || oe B S| = SS S| Se ise £5] an > aN 
po [=| 27 |S] 3 | =m [a] 58 fa™ ales| 8 \E<) 5 Bi 
0 1) 0 —|— |} _ a 
of 10 2 |e | Levias; MisL | p |atso| 8 | P | Ms ab 
4 : ace : a MeClosky; Mish L| P | 3,150] 4 
7.0 |0.14) Aux Vases; MisU S| P |3,230]/14 | p | MisU 3,250 
: a z z 36.8 |0.17) McClosky; MisL L| P |3,355] 4 | D | MisL 3.375 
Fo} 23/0) = |e | | 87.2 (0.20) Tar Springs; MisU s| p |2ssolis | > | Mis ou 
3 ilo z z = |e Cypress; MisU S| P | 2,915/10 
3 so z z z iz Bethel; MisU S| P | 2,960/14 
£ z = |= Aux Vases; MisU S| P | 3,085)11 
0 10] 0 2 z z iz Levias; MisL25 L.| P {3,175| 5 
; a = z 40.0 jz McClosky; MisL L| P |3,265/12 
0 7|\ 0 . 
: 3} 0} =z z z |: Tar Springs; MisU S| P | 2,270)19 sy (eae Sie 
: 3} O| =z z = Aux Vases; MisU S| P | 2,905)10 
1) 0| z z z |z | Levias; MisL L| P | 2,930] 6 
610; 0 D | MisL 3,195 
o| =. 2} 0} x z z |z | Degonia; MisU S| P | 2,090] 6 
0 6} 0} =z z 36.2 |z Clore; MisU S| P | 2,070/18 
0 1} O} « z = Is Palestine; MisU S| P | 2,100)14 
: 1) 0) z z z |z | Bethel; MisU S| P | 2,825|16 
3 A . 2 z = is McClosky; MisL L | P {3,080} 6 A MisL 3,090 
0 4) 0| z 28.0 |z | Pen S| P | 1,565] 6 haere HL 
0 3} 0} z z 37.2 |0.24| Tar Springs; MisU S| P | 2,260/18 
0 3} 0) = z z |z ess; MisU S| P | 2,655|10 
0 0) 0} =z z z |z | Bethel; MisU §$| P | 2,790) 8 
0 1} 0} z z z iz Aux Vases; MisU S| P | 2,920)13 
0 59] 0 A | MisL 3,145 
0 4/0] =z z 36.4 |z | Tar Springs; MisU S| P | 2,425) 6 
0 31/ 0} =z z 38.4 |0.30) Hardinsburg; MisU S| P | 2,535)18 
0 2|} 0} z z 38.0 iz Cypress; MisU S| P | 2,710)24 
0 1,0) z z z iz Bethel; MisU S| P | 2,790) 8 
: - : z z 39.0 |0.20) McClosky; MisL L | P |3,060)10 
26 
0 6| 0 D | MisL 3,050 
0 1) 0) z + xz |z Pen S| P }1,305/10 
0 20) = z 38.0 |z Palestine; MisU S| P | 2,010) 6 
0 2) 0} z = z |z_ | Tar Springs; MisU S| P | 2,195}15 
0 1,0) z = 2 le Aux Vases; MisU S| P | 2,845)14 
0 8] 0 D | MisL 3,110 
0 2| 0] =z z 36.5 |z | Bethel; MisU S$ | P | 2,825/21 
x z < Aux Vases; MisU* S| P | 2,930)/20 
: - z x z |z_ | McClosky; MisL L| P | 3,075] 6 
26 
0 68] 0 A | MisL 3,030 
0 5| 0} =z z 37.0 |z Pen 8 | P | 1,455/25 
0 31| 0} z = 33.8 |0.28] Palestine; MisU §| P | 2,020/18 
0 1] 0} z = 2 ite Waltersburg; MisU S]| P } 2,210)19 
0 18) 0} = x 38.0 |z Tar Springs; MisU S| P | 2,255)15 
0 2 0} =z z 39.0 |z Cypress; MisU S| P | 2,560] 8 
0 6| 0| =z x = iz Aux Vases; MisU S| P | 2,845/22 
0 1} 0] =z z zt i Levias; MisL L| P | 2,865) 3 
0 1) 0} z z i McClosky; MisL L | P | 2,870) 2 
0 3] 0 26 
0 0 P A | MisL 3,220 
0 Cee z z |< Biehl; Pen - S| P | 1,830)40 
0 0| =z z 37.6 |0.49| Waltersburg; MisU S| P | 2,155)20 
0 0) =z z 36.0 |0.19| Tar Springs; MisU S| P | 2,225)15 
0 0o| z zt 39.0 |x ress; Mis S| P | 2,560)25 
0 0| z z 38.0 |x Paint Creek; MisU S| P | 2,660|20 
0 0| « z 36.0 |0.24| Bethel; MisU S| P | 2,685|25 
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ALFRED H. BELL AND CHARLES W. CARTER 


The average initial production of the 
discovery wells of the 28 new fields was 
194 bbl. of oil and 15 bbl. of salt water. 
By comparison, the average initial produc- 
tion of the discovery wells of the 40 new 
fields of the previous year was 130 bbl. of 
oil and 23 bbl. of salt water. 

In fields discovered since 10936, the 
total number of wells producing at the 
end of 1943 was 12,408, which may be 
compared with 11,404 wells producing 
at the end of 1942. 


PRODUCTIVE ACREAGE 


The area proved for production in the 
new fields (discovered since 10936) in- 
creased from 121,430 acres at the beginning 
of 1943 to 144,335 acres at the end of the 
year (Table 1), an increase of 22,905 
acres, of which 2690 acres are in fields 
discovered during the current year and 
20,215 in extensions to pools drilled earlier. 
In 1942, for comparison, 22,247 acres 
were added, 4540 by fields discovered 
during that year and 17,707 by extensions 
to older fields. 


DRILLING 


During the past year 1813 wells were 
completed. Of these, 1791 were oil or 
gas producers and dry holes and the other 
22 were gas-input wells, salt-water dis- 
posal wells, and stratigraphic tests. Of 
the 1791 wells drilled for oil or gas, 1061 
were oil wells, 9 were gas wells, and 721 
were dry holes. The producers made up 
39 per cent of the wells drilled. Of the 
total number drilled, 462 are classified 
as wildcat, and of these 94 were successful 
in obtaining production. In 1942, for 
comparison, producers made up 58.5 per 
cent of the wells drilled. Of the total 
number of wells drilled during that year, 
549 were Classified as wildcats, of which 
88 were successful in obtaining production 
(Table 2, A and B). Important dry wildcat 
wells completed in 1943 are listed in 
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Table 2D. A summary of drilling by 
counties is given in Table 5. 


EXPLORATION METHODS 


The results of an investigation to 
ascertain the reasons for the locations of 
the wildcat wells are set forth in Table 4. 
Of the 461 wildcat wells, the-413 known 
to have been located by scientific methods 
were 22 per cent successful. The 549 wells 
drilled in 1942, the locations of which 
were made by scientific methods, were 
19 per cent successful. The total footage 
of wildcat wells drilled in 1943 was 506,204 
ft., of which a total of 82,725 ft. was 
drilled in successful wells. 

Subsurface geology and_ geophysics, 
largely the reflection seismograph, were 
the methods used in locating approxi- 
mately 77 per cent of the wildcat wells 
drilled in Illinois. The methods of locating 
the 28 wells that discovered new pools 
in Illinois were as follows: Subsurface 
geology, 14; seismograph surveys, 9; 
combination of seismograph and sub- 
surface geology, 3; combination of gra- 
vimeter and seismograph, one; subsurface 
geology and gravimeter, one. The number 
of seismograph parties operating through- 
out the year was as follows: 


Jan. Tile MP UIN eres mare cal ate 6 
SS Cee cic ee ae EU AU Sictess ops Ae pagers 5 
DO a gen ele TOME DED LA eaten 5 
Assign et. ae = ate cee SPiO Ciena t= 5 
Magee eck er Se INO Ven cease. ante he: 6 
PON EN cary ove re GP DEC es htt 6o- is 


Calculated in party-months, the amount 
of seismograph work done in Illinois in 
1943 was only about half that done in 1942. 


Deep TESTS DURING 1943 

Few deep tests were drilled in Illinois 
in 1943 (see Table 2). There was one dis- 
covery of Devonian limestone production 
in pools producing from shallower forma- 
tions; namely, in the Patoka pool (Table 
2C, line 39). Two new pools were discoy- 
ered in the Silurian—the Mt. Auburn pool, 
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ALFRED H. BELL AND 


Christian County, and the Marine. pool, 
Madison County (Table 24, lines 20, 22). 
The deepest formations reached in 61 
important dry tests are indicated in 
Table 1. The considerable number of 
“Trenton” tests in Madison, St. Clair and 
adjacent counties followed the discovery 
in 1942 of “Trenton” production in the 
St. Jacob pool, Madison county. 

Only four of the tests listed in Table 
2D reached the St. Peter sandstone (lines 
16, 18, 19 and 47) and one reached the 
Eau Claire in the Cambrian (line 16). 


DEVELOPMENT 


Most of the new discoveries and develop- 
ment during 1943 took place in White, 
Wayne, Wabash, Clay, Jefferson, and 
Hamilton counties in the southeastern 
part of the state. In Wayne County 
228 wells were drilled, of which 151 were 
producing wells (Table 5). Some of the 
fields in which the greatest number of 
producing wells were drilled in 1943 
are the Mt. Carmel (Wabash County), 
Clay City Consolidated (Clay and Wayne 
Counties), Phillipstown Consolidated 
(White County), Bible Grove (Clay and 
Effingham Counties), Iola (Clay County), 
and Dale-Hoodville Consolidated (Hamil- 
ton County) fields. 


PROSPECTS FOR 1944 


The outlook for 1944 is for drilling to 
continue at nearly the same rate as in 
1943, with a gradual decline unless there 
is a major discovery, a rise in the price of 
crude oil, or a modification of well-spacing 
restrictions accompanied by adequate 
supplies of material and manpower. 


Economic DATA 


On the basis of posted prices, the total 
value of. the oil produced in 1943 was 
approximately $111,980,470. Posted prices 
for Illinois crude oil in 1943 were $1.37 


CHARLES W. CARTER 323 
for the central basin fields, Salem area, 
and Griffin area, and $1.22 per barrel for 
oil in the old fields. 

In 1943, a total of 4,611,695 ft. of hole 
was drilled in the state. Of this amount 
2,766,912 ft. represents producing wells. 
With an assumed average cost of $3.50 
per foot, the total investment in drilling 
was $16,140,932.50, including both produc- 
ing wells and dry holes. In the 461 wildcats 
completed during the year, 1,189,317 ft. 
of hole was drilled. At $3.50 per foot, the 
drilling cost of these wildcats amounted to 
$3,762,609.50. The average depth of all 
wells drilled in the state in 1943 was 
2573 ft., as compared with 2607 ft. in 
1942. 

The average initial production of the 
oil wells for 1943 was 123 bbl. as against, 
182 bbl. for 1942. 


Pire LINES 


There was little construction of trunk 
pipe lines to serve Illinois oil fields or 
Illinois refineries during 1943. As shown 
by the detailed statement below, con- 
struction was largely confined to loops and 
short spurs. 

Construction by the War Emergency 
Pipe Line Inc. in Illinois continued in 
1943. The “Big Inch” crude-oil line 
(24-in.) from Longview, Texas, started 
transporting oil to Norris City, Ill., in 
January 1943, and in August 1943 it 
started transporting oil from Norris City 
to the East. The “Little Big Inch” 
(20-in.) products line from Beaumont, 
Texas, which parallels the “Big Inch” 
across Illinois, was under construction 
during 1943 and was reported to be nearly 
completed by the end of the year. 


Crude Oil 


Magnolia Pipe Line Co.—2 miles 3-in., Woburn 
field to 8-in. line of the Ohio Oil Co., Bond 
County; 3 miles 2-in., Beaver Creek field to 
ro-in., Magnolia pipe line (formerly Socony- 
Vacuum), Bond County. 
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FPFPPPFPIFFFIFIFFGS Ohio Oil Co.—2 miles r4-in., Wood River 
Je ER RE Bie Ree pail station to the Allied Pipe Line Company’s 


dock on the Mississippi River, Madison 
County (under construction). 

SERRE Rit ar pe be nae Pure Oil Co.—4 miles 4-in., Geff field to the 

Cisne station, Wayne County; 7 miles 4-in. 

and 6-in., Sims North field to Johnsonville 

field, Wayne County; 4 miles 4-in., Schnell 
field to Pure Oil Co. trunk line, Richland 

County; 14 miles 4-in., Mt. Erie South field 

northeast to Mt. Erie field, then northwest 

3 Saastsesssssesssscs to the Pure Oil Co. trunk line which runs 

HAMA acc cic through the Clay City Consolidated field, 
Wayne County. 

Sohio Pipe Line Co.—14 miles, 4-in., Browns- 
town station of the Ohio Oil Co. pipe line to 
Louden field, Fayette County; 3 miles 3-in., 
Coil West field to Ashland Oil and Refining 
Co. pipe line, to the Johnsonville station, 
Wayne County; 5 miles 2-in., Dahlgren and 
Mayberry fields to the Texas pipe line to 
Johnsonville station, Wayne County; 12 
miles 4-in., extension to Benton field line 
running -near West Frankfort, Franklin 
County; 1o miles 4-in., Maplegrove field to 
the Parkersburg station, Edwards County; 
2 miles 4-in., Stringtown field to Sohio trunk 
line, Richland County. 

Texas Pipe Line Co.—20 miles 6-in., Woodlawn 
station to Salem station, Marion County; 

> FEE hE gi ree 20 miles 6-in., Hilliard station to the Clay 


New Richmond 


“Trenton” 
“Trenton” 
“Trenton” 
Devonian 

Devonian 

“Trenton” 
Maquoketa 


Devonian 
Devonian 
Platteville 


ler 1 


eiser, M. Gren 1 


. Grossman 1 
©, L. Kokesh 1 


. J. Rossell 1 


t Oil, Bas! 


. Lange 1 


E. Thomas 1 
N. W. Whitton, 


r, Klingle 1 


Tarleton et al., Dryoff 1-A 
Big Four Oil & Gas, ope 1 
]. Karban 1 


H. C. Robertson et al. 
i 
M 
W. Duncan, H. H. Hoskins 1 


Texas, Ferguson 1 


Little B 
King & 
Texas, 


H. Gass, A. Englerth 1 
Wason et al., Engle 1 

W. P. Muller, Smiley 1 

O. A. Reed et al., C. Ross 1 
Brown «& Feltis, Gardner 1 


D. 8S. Ha 
Eason Oi 

J. Vetch, 
Davis, Taft 1 
Fisher Oil et al 


9-15-4W 


32-25-4W 
4Tn Warrenton, Borton pool. 


¢In Dupo pool. 


ig o> Sra re. 2 le City station, Wayne County. 


SSPE liiibbiiiieiiis Natura Gas 


= ERS cer eae a Citizens Natural Gas Co.—l4 mile 2-in., Pan- 


Rey elisha tee as th 2s te. Male oss handle Eastern Pipe Line Co. line to New- 


Sere eee 


Mee eae oie iia nes ee man, Crawford County. 


me Pte att Sys oot 2 Natural Gas Pipe Line Company of America— 


Mie eg te res eS tia es 1 mile 2-in., Natural Gas Pipe Line Com- 


rv 
. 
- 
J 
‘a 


Rea ee sce er ee ere pany of America trunk line to Princeton, 
Seer :hiihi:iGil: Burcén County, 

SRS Sa se REFINERIES 

Mies nacaies PEbHiG No new refineries were constructed in 
Beier igre er Sire 8 2-2 Illinois during 1943; however, the total 
Bae Dilire ye Sy la 2 daily refinery capacity was increased 


Rta yrat once eh th cer 2d S08) from 281,000 to 289,000 barrels. 

alah yirefone During the year Illinois crude-oil pro- 
duction amounted to 26 per cent of the 
runs to stills for refineries in the Central 
refining district (Illinois, Indiana, Ken- 


Clair 
Clair 
Clair 
Clair 
Clair 
Clair 
Clair 
Clair 


51| St 

58) Warren...... 
59| Washington. . 
60) Washington. . 
GOW. Rares 


50) St. 
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TABLE 3.—Completions and Production in Illinois since January 1, 1936 
Production, Thousands of Barrels 
Number of | Number of TOSS 

Comple- Producing = 
ees Wells | New Fields? | Old Fields? | Total? 
SOE POOR AED Oe Tee ee mio Tomes ; 93 52 4,445 
ae See aR ORCI ORE crm ter oterne Coto 449 292 2,884 4,542 7,426 
TOSS aide wes thoes. Dae ale Amer ere nL een we ao 2,541 2,010 19,771 4,304 24,075 
TO3 Oia heiche tuanie tents tutu meal tre hele terriers cee 3,075) 2,970 90,908 4,004 94,912 
TOAG ete nev tiephe tty cepted eee Maa he Saoney oe eueratemtrs 3,829 3,080 142,969 4,678 147,047 
TOM ici riecr ¢ SNS oie ee ee 3,838 2,925 128,993 5,145 134,138 
TOADS aresan canmtorh neterdeamoliece Wenceney anette s nema ens eee ae 2,016 1,179 101,837 4,753 106,590 

1943: 

oF nary, Bray nis sina Menten oorca Race tise ol 135 84 7,005 396 7,401 
Mebrilaryce em ce Por era eee ene 142 104 6,352 368 6,720 
Iai nS Setercettele ous atin, ate onetime ae aA mares 137 89 6,908 434 7,342 
Jose | a pe ee ane a aoe Goon 157 91 6,518 396 6,014 
Mia yietsfae Bites beset esate nena itn dane III 66 6,482 380 6,862 
Bbuslcisc, Ait h CoE Toe aes ol TONY onc uto.c ats Stow II5 64 6,257 423 6,680 
Val Vise aero tues Seoae Sys scale Ree eee 181 98 6,360 396 6,756 
MUU DUSE PAR. casa trsnncs erp atenst een Sener arn 144 80 6,303 388 6,691 
September: 2; scsucceeceus 135 79 6,211 381 6,592 
October 196 129 6,466 376 6,838 
November 138 81 6,325 374 6,699 
December 200 123 6,399 362 6,761 
"Total <-eetee, ei, eae ean eae eee 82,256 


# Includes only oil or gas producers and dry holes. : . : b J 
> Production figures based on information furnished by oil companies and pipe-line companies. 
¢ Includes Devonian production at Sandoval and Bartelso. 


@ From the U. S. Bureau of Mines. 
¢ Includes 22 wells formerly dry holes. 


tucky, Michigan and western Ohio) and 
the Appalachian refining district (eastern 
Ohio, western New York, western Pennsyl- 
vania and West Virginia). For December 


TABLE 4.—Wauldcat Wells Drilled in Illinois 


Mm 1043 
CLASSIFIED ACCORDING TO METHOD OF 
LocaTION 
Percent- 
Num- oe age of 
Method ber of Pace Wells 
Wells daca paces: 
ul 
Geology tiradaee cust late 306 70 23 


Geophysics (chiefly seismo- 
graph but including gra- 
VIMEete)) wwon. bis. ose one 69 15 22 


Seismograph and geology... 38 6 16 
Total scientific... sce see 413 one 22 
Nonscientific. . . 48 3 6 
WigilchOwitnckem,. cae ce ce cee s to) i) te) 
Total 461 o4 20 


1943, the runs to stills in the Central and 
the Appalachian refining districts were 
27,807,000 bbl. Of this amount Illinois 
production was. 24.3 per cent. Stocks of 
crude petroleum on hand in Illinois on 


Dec. 31, 1943, were 14,053,000 bbl. as 
compared with 9,170,000 bbl. on Dec. 31, 
1942. Stocks of refined products in the 
Central and Appalachian refining districts 
compared with the previous year according 
to the U. S. Bureau of Mines, are as 
follows: 


Dec. 31, 
1942, Bbl. 


Dec. 31, 


Product 1943, Bol. 


Gasoline... .. Beers TNs 18,514,000] 19,026,000 
Gas, oil and distillate fuel...| 6,947,000] 6,643,000 
Residual fuel oil............ 3,307,000] 3,025,000 


NATURAL Gas 


The amount of natural gas produced 
and marketed in Illinois during 1943 
was approximately 2410 million cubic 
feet. The amount marketed from each 
field is given in Table 7. 

Five new wells were drilled within 
proved territory in the Russellville gas 
field during 1943, bringing the total 
number of producing wells in the field 
to 59. All of these new wells produce 
from the Bridgeport sand. To the end of 


ee 


Py eens 
™. 


ey 


t 
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1943 the productive area of the Buchanan One well was completed in the Ayers 
sand proved by drilling was 1650 acres gas field, Bond County, during the year 
and of the Bridgeport, 270 acres. The and it brought the number of producing 


TABLE 5.—Summary of Drilling and Initial Production in Illinois for 1943 


et a a he ee ee 
Number of Wells Total Initi 
Drilled Peaarten: Footage Drilled« 
County Total | Total Producing ' 
Com- . Gas, : 
ple- Oil, Bbl. | Millions Total Producing 
tions | Oil Gas Cu. Ft. — 
fy (0st SEA i A eae I re) o 
«ieee 0 pe 
Bond ee cas, Sarkis al 13 0 = 6 ae ears Y 
POEs wie ogc biu wis is ot 5 nes nae I oO ° 0 gl iS 
Champaign.........----.+---- I ° ° 0 : pou 2 
UU EE Re 9 a cus Pee 4 I ° 22 3 Soles 2 
PtemR sere mc eee oes. ereere & ¢ 6 2 oO 20 $ es waae 
Aa A Oe Se ee ee ee 201 148 Oo 16,342 oO tae ont one 
“sis geet ee aloe aera ai rales mee co ES ae tage 
Crawford.... 7 o ra) > % scapes 2,063 
eeumberlands... 5.5.55. .0- 2-4. 10 ° ° o ooh 86 : 
Tere Te Ee ghee I ts) ° ° 5 ae 6 
eS a ee ee er ee ae ° ° fe) : ae g 
CREE a0 Ral ® ll Ree ee ee 68 37 to) 8,652 o 206,844 III,030 
MO RATE «trains sere tine dose) 44 29 ° 1,742 oO 107,071 68,339 
DATA AEE ei nels I eS aoa 44 18 te) 1,360 ty) 96,902 2.758 
Ford... 2 ° ° ane o ‘675 peak 
rash. oi See ot oe hy odcn ele ws 58 25 ° 2,254 I ra te 6 : 
eae ee eno ahn wisn, wlapol I re) ° PG . eee i 
SAYS is See ini 6 toy on oie ele & . 
Greene te ee ee ‘7 ee “é ad ; aie Seok He 
agate ae Re eee I o o ° to) bes Co) 
PRDUGOR 6 occ ews ws wie os tise oe 5 
PRPGIIEPERROTY. bc a6 aoe be 0 on 6 Sia er a Se ‘ wees ; Poa S22 
RRR Rte ac cee on bei’ 2 fa) ta) to) 0 1684 to) 
Sto el OO eee eee ese 26 ie ° 2,324 0 76,970 32,8904 
Thoin 5 Te i a ee Se nee 116 64 o 10,214 fo) 325,704 171,830 
prone San ee 3 eee ete I ts) ° : 0 "780 aes 
MONTOUCE. vans ssnh ce pre « © 9S © 66 I 5 5 
MeEVINPREGINS ee Sea os sans te = ic aA a eo cer eae aes, 
Macoupin..........--+++-+---- 2 i) ° fe) ° 1,261 (0) 
Madison. 2). 5... -. 5+ <n 20s e+ 23 14 ° 1,124 i) 51,415 31,362 
POCAriCtNs ete OM No ad tad Sp) -ci0 6r | 36 ° 2,377 ° 133,958 80,054 
kite Be ese te ae I (9) 7) (3) ° 1,404 to 
PEC R A doses oe nt SNe 2 I ts) 17 fa) 1.456 491 
MOTIERU BIEL ick <0(oo 5 ceo - heels 10 2 o 13 ° 8,496 1,262 
WMRIULIG. ©, 0-2. Sipies i ae + ete e I fs) ° to) to) 3,081 “ais 
enter a. Sy eH vie n> Cle < sae os 5 ° ta) fe) to) 10,583 to) 
lotic ite” 2 oe RS Reames a I ° 7) ts) ° 621 o 
1B roe ic) ee eee I 0 te) o ° 2,000 0 
Randolph.........-----++---- 2 (3) fs) () ts) 3,004 o 
Richland.......----++---+++++- 47 30 i) 5,306 ° 140,460 86,271 
23S eee Sete Baar eer 17 0 to) oO to) 24,242 to) 
Selig. fo hgeWa kw artis sree allot ot 2 ts) I o 0.59 5,660 2,345 
RS AGEUEONT Ac aft ay are. © ew oye Sis cir 2 ts) ° ta) ts) 4,164 9 
Shel yses sje ves inl oleae = 12 2 o Ey Co) 26,362 3,911 
RUG Sy. ee Ree asic aaa Ph eles I ts) to) (0) to) 4,053 vo) 
Diu asheetcete web 11S oe 8 Gs.2 05" 104 144 0 12,164 0 425,978 295,080 
SETS ects AP ie vi eboiet ereiSya, eps) M ts) ° () ° 10 
24 10 a) 198 ° 35,785 12,907 
228 151 ° 25,527 ° 734,230 465,095 
203 148 (9) 13,765 ts) 566,020 377,413 
I o ts) to) ye 900 
S oO o °o (9) 12,243 1) 
1,791 | 1,065 9 130,851 26.12 4,011,695 2,766,912 


a Includes old wells deepened. 


initial productions of the wells added wells in that field to 9. The field was 
to the pool during 1943 were of the order discovered in 1922, covers 325 acres, and 
of 3 million cubic feet of gas per day. has produced a total of approximately 
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TaBLe 6.—Fields with Wells Producing from More than One Formation 
rode pee Number of Wells and Produci 
: ber of Com- umber o ells an roducing 
Field Gomsty, bination Formations¢ 
Wells 
Tola.. Pi aaa Clay 25 Zee ITA, 9CBA, 12BA, 1BPA 
Sailor ‘Springs Consolidated..... ay I a 
Clay City Consolidated........ Clay, Wayne 15 oN 1ARM, 1AM, 2CR, 1CB, 2AR, 
2 
AiO ty, 1 nese oe Ee Edwards q 2BA, 1BM, 2BAM, 1WM, 1AL 
Albion East. . Wale tel eeene a EG wards H ICAM 
Mason South. aia tA tS ch enti Rees Effingham 14 13BA, 1BR 
pea cA: age Sie oe eet ee Fayette 211 Ser he 50CB, 19PB, 31CPB 
Ha seae vere threo erntal ttt ranklin I I 
Benton North. 225)... cn aem eel raniclan I IPA 
Taman) Mastsnaneseseet eee. | Gallatin 13 ae EL aa 2PaT, 2CW, 
3 2 , Ifa 
Tninans Westey meee scys «cet e lc Gallatin 6 rEeeCMyssT eC 
Blamrsville seer steee ee arte Hamilton 2 1ALM, 1AM 
Dale-Hoodville Consold........| Hamilton 46 2AM, 1CM, 1rLA, 1CB, 40BA, 1RM 
ieee Gal Ee Recent CON rs 2 a ie Hamilton 6r 2 ee ENT arvereeave IAR 
Gal eeh AEE hon Sotic ets See sur Jefferson 6 3AL, I me 21 
Mankhaed City; antes oce ciao el Jefterson I ILM 
Mi Vernon’) ...a.c ane ane Jefferson I ILM 
Patoka: Bast so eee Marion I IBR 
see Fatacate: HaPocatgc eee seer ea aie Marion 706 cen 222MS, 2BAM, 1AM, 1MD 
Otitiann te Smee ..| Marion I 
Dundas Consolidated... ..| Richland, Jasper 5 1AM, 4RM 
Friendsville. . : ..| Wabash 2 IBiC, 1LM 
KcerebEee Consolidated. . at Wabesh 15 1CBA, ICA, 2BiC, 7BC, 2BA, 2AM 
Fon ohs ne och ant ee ae ee A Wabash I I 
Wabash 26 as 8BiC, 3BiCM, 9CM, 2CB, 1rPeM, 
1Pe 
Washington I 1CB 
Wayne 2 2RM 
Wayne z 3LR 
Rees Consolidated... .......] Wayne 3 2LM, 1RM 
Covingtoneneeraeee eee Wayne 3 3LM 
Johnsonville. eon ae Wayne q 5AM, 2AL 
Mus Erids. tteeiee ao sme Wayne I IRM 
eae eee eee Wayne 18 oat a IRM, 3LAM, 9AM 
1s: NGrths: =< anes oak eee Wayne 2 I Ps 
ae reese cae mcuaee Aa Were, Hamilton 10 ah ILRM, 5ALM, rALRM 
abyini Northen nian oe ee ene ite I 1PePa 
Centerville East .| White I ILT 
ronteiwt sce tee ee White 3 3TC 
Maunie Northen sania. sen en White I IBA 
Maunie South. . Noe oe) Witte 3 3TC 
New Harmony Consold........ White 181 5CP, _rTRB, 32PB,. 1B youn 
7WCBA, 3CBAM, 1TCM, 2WC, 31CB, 
28CBA, 2WA; 3TCA, 3TA. 7 TCR: 
5AM, 15BA, 1 WB, 1TM, 1CM, 
2WCBAM, 1WCB, 1CPM, 13CA, 2TC, 
ICPB, 1BM, 1CPBAM, rBiCA, 1PA, 
aa IWBM, 1RM, 1PeBA, IWCA, 
New Haven.. .| White 4 2TC, 2CM 
Phillipstown Consolidated. White 12 ud Fe ea rPeCiT, =a DClt yy" sCim: 
I eT. 
oe Leah Manet ae White 6 ICA, 3CB, 2AT 
Cland ya ce in see eee go ee White 31 ave eM Wh phn or IWCA, 
° 9 , ,1 » ICA 
MillShoals...2 “en ee eee White, Hamilton 3 3AM . 
1,465 


2 Names of sands indicated as follows: 
Pe, ee 
Bi, Biehl 
Pa, Palestine 
, Degonia 
, Clore 
W, Waltersburg 


ye Tar Springs 
, Glen Dean 
ff Hardinsburg 
CG Cypress 
P, Paint Creek Stray 
B) Bethel 


A, Aux Vases 
L, Levias 

R, Rosiclare 
M, McClosky 
S, Salem 

D, Devonian 


oe 


- 
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235 million cubic feet of gas from the 
Bethel sandstone at a depth of about 
950 feet. 


NATURAL GASOLINE AND LIQUEFIED 
PETROLEUM GASES 


Natural gasoline is produced in 34 plants 
in the old Southeastern field, the total 
capacity being approximately 8000 gal. 


TABLE 7.—Natural Gas Marketed in 


Illinois 
| 
|} Amount 
: Produced 
Field County | Where Marketed | and Mar- 
keted, M 
Cu. Ft. 
Russellville | Lawrence} Illinois, Indiana, | 1,236,000 
(gas) Kentucky / 
Ayers (gas) | Bond Greenville, Tili- | 14,000 
nois 
Co ar Marion Centralia, Salem, 650,000 
and Mt. Vernon, | 
| Illinois / 
Louden....| Fayette | Brownstown, St. | 510,000 
Elmo, Vandalia, 
Illinois 
| 2,410,000 


daily. During 1943 these plants operated 
at only 75 per cent of capacity. In the 
fields discovered after Jan. 1, 1937, there 
are eight plants, including two in the 
Louden field, one in New Harmony Con- 
solidated field, one in the Benton field, 
one in the Dale-Hoodville Consolidated 
field and three in Salem field. These 
eight plants have a total capacity of 
approximately 325,000 gal. daily. Accord- 
ing to the U. S. Bureau of Mines,* 71,928,- 
ooo gal. of natural gasoline was produced 
in Illinois in 1943. The production of 
liquefied petroleum gas for 1943 amounted 
to 112,159,000 gal., according to the 
U. S. Bureau of Mines. 

Natural gas accompanying oil production 
in the Louden field during 1943 is esti- 
mated at 7 billion cubic feet. The average 
daily production at the end of the year 
was approximately 15 million cubic feet. 


*B, S. Lott, personal communication. 
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Approximately 13 million cubic feet of 
gas is processed daily by the Carter Oil 
Company’s two repressuring plants and 
5 million cubic feet of residue gas is 
injected into the producing sands. Residue 
gas from the two plants is furnished also 
to the G. H. and G. Pipe Line Co. for the 
towns of St. Elmo, Brownstown, and 
Vandalia, Ill., at the rate of 1.4 million 
cubic feet per day. The pipe-line company 
also receives 90,000 cu. ft. of gas daily 
from a well in the Louden field, which is 
producing from a basal Pennsylvanian 
sandstone. 

The production of natural gas in the 
Salem field for 1943 is estimated at 20 
billion cubic feet. At the end of the year 
the estimated daily production was 37 
million cubic feet. Approximately 35 
million cubic feet per day is processed by 
the three natural gasoline plants in the 
fied. The Texas Company returns ap- 
proximately 6 million cubic feet of residue 
gas daily to the producing sands in its 
repressuring operations in the Salem field. 
Residue gas from the Warren Petroleum 
Company’s plant is supplied to the cities of 
Salem, Centralia, and Mt. Vernon, ne 
This consumption at the end of the year 
was approximately one million cubic feet 
per day. 

The Dale-Hoodville Consolidated field, 
Hamilton County, produced an estimated 
7 billion cubic feet of gas during 1943. 
Of this amount 6.2 billion cubic feet was 
processed at the Texas Company’s Hood- 
ville plant. Fifty-one million cubic feet 
of residue gas from this plant was returned 
to the field for injection. No residue gas 
is sold from this plant. 

The Benton field, Franklin County, 
produced an estimated 3 billion cubic 
feet of gas during 1943 and 320 million 
cubic feet of gas from this field was 
processed at the Sunflower Petroleum 
Products Corporation plant. No residue 
gas is sold or returned to the Benton field 
for injection into the oil sand. 
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The New Harmony Consolidated field, 
White County, produced an estimated 
8 billion cubic feet of gas during 1943. 
Of this, 4.9 billion cubic feet was processed 
at the Warren Petroleum Corporation’s 
plant at Crossville, Ill., and 1.8 billion 
cubic feet of residue gas from this plant 
was returned to the leases for injection. 
No residue gas was sold. 

The total gas production for 1943 for 
the fields discovered after Jan. I, 1937, 
is estimated at 62,000 million cubic feet. 
A large part of this production is burned 
in flares. 


SECONDARY RECOVERY 


The starting of actual flooding opera- 
tions by the Felmont Corporation on a 
part of the Patoka field in Marion County 
was the high light of secondary recovery 
in Illinois in 1943. The wide spacing of the 
wells and the indications of probable 
success for the method seem to open the 
way for wide application of water-flooding 
under Illinois conditions. Projects already 
begun before 1943—namely, the Forest 
Producing Corporation’s operation on the 
Chrystler farm in the Siggins pool in 
Cumberland County and the Ohio Oil 
Company’s operation in the Colmar- 
Plymouth pool in McDonough County 


continued during 1943 with modeérate 
success and considerable promise for the 
future. In the Clay City area the Pure 
Oil Co. produced commercially important 
quantities of oil by flooding the McClosky 
lime through three input wells. 

Repressuring with gas continued in the 
three large areas in the Louden, Salem 
and New Harmony fields. The Ohio Oil 
Co. extended operations in Crawford 
County, so that 10 per cent of the drilled 
area is now under pressure. The results 
here have not been spectacular but have 
accounted for a considerable increase 
from the old wells. This increase, if it 
may be judged by results previously 
obtained in this territory, will be long 
lived. 

Many other areas in the state are being 
favorably considered for extension of 
repressuring operations. 
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Oil and Gas Activity in Indiana in 1943 


By Ratpxu E. Esarey* anp P. Hastincs Ketiert 


Oi and gas activities in Indiana during 
1943 continued to decline at about the 
same rate as in 1942. New development, 
production, and prospecting, all showed 
the results of Federal regulation, low price 
for crude oil and shortages of labor and 
materials. Several local stripper-well oper- 
ations were shut down, but no large-scale 
abandonment has occurred as yet.’ 

During the year, 277 holes were drilled 
for oil and/or gas, of which 99 were com- 
pleted as oil wells, 19 as gas wells and 159 
as dry holes. This record was a decline of 
21 per cent over last year in the total 
number of completed tests, 20 per cent in 
the number of oil wells and 9.5 per cent 
in the number of gas wells. As in the pre- 
vious year, most of the drilling (82 per 
cent) was in the southwestern part of the 
state, Gibson County ranking first, with 
77 completions and 409 oil wells. Posey 
County was second, with 59 completions 
and 20 oil wells. The remaining 18 per 
cent of the drilling was in the old Trenton 
oil and gas area. The total footage drilled 
during the year was 482,799 ft., a decline 
of 18 per cent from the previous year. 
Of this, 146,559 ft. was wildcat footage. 

The total initial production of the oil 
wells completed was 6362 bbl. and of the 
gas wells was 2,562,000 cu. feet. 

Three tests in the old Trenton area were 
drilled into the Cambrian and reported 
nothing more than tar residue. A Devonian 
test was to be made in the Griffin field in 


*State Geologist, Division of Geology, 
Department of Conservation, Indianapolis, 
Indiana. . : hens 

+ Acting Assistant State Geologist, Division 
of Geology, Department of Conservation, 


_. Indianapolis, Indiana. 
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the Wabash River but owing to the delay 
caused by Federal restrictions this test 
did not get started in 1943. It is expected 
to spud in March 1944. 

The new discoveries in 1943 were virtu- 
ally all in the southwestern part of the 
state, and all, so far, one-well pools, except 
the North Owensville pool, in Gibson 
County. The latter was brought in during 
the month of February and by the end of 
the year nine wells were producing in the 
pool, with a reported initial yield of 1260 
bbl. per day. By the end of the year it had 
a daily average production of 4o1 bbl. and 
an accumulated production of 39,129 bbl. 
The average gravity of the oil is reported 
to be 35.6. 

On the Ohio-Indiana state line, early in 
1943, a new pool was opened up in the old 
Trenton area. The discovery well was on 
the Ohio side of the line. An offset well 
was completed on the Indiana side, with 
an initial yield of 64 bbl., and settled down 
to 5 bbl. per day. This well produced 
1154 bbl. up to Dec. 31, 1943. There was 
no further development here, because of 
the Federal Conservation Order M-68, 
restricting drilling to one well on 40 acres. 
The development pattern usually followed 
in this area is one well to 5 acres. 

The E. Rogers field was extended by 
one pool (Table 4). 

Most of the development in the oil-field 
pools during the year took place in the 
Kirksville pool, in Gibson County, and the 
Caborn pool, in Posey County. 

The crude-oil production in 1943 was 
approximately 5,273,000 bbl., a decline of 
29 per cent from the previous year. The 
Griffin field, of Gibson and Posey Counties, 
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TABLE 1.—Oil and Gas Production in Indiana 
: Number of Oil 
Oil Production Gas Production, 
Total, Bbl.’ Millions On. Fie |, Soq7oh Ga 
3 
s 1943 
>, | Area sal 
Field, County s Proved A @ 
8 S Acres! | gto Find During |A| ToEnd | During ES = 
g A of 1943 | 1943 /so] of 1943 | 1948 |-BR |B] g 
Zz ‘s E aS | eas 
o 8 =e fea | Ss 
=I o = of ° 2 
4 tal a oO Oo|< 
1| Cannelburg, Daviess.....-......6.002 nee c ees 1925 690 120,700) 0 x 0 80}; 1 0 
2| Glendale-Hudsonville, Daviess..........--.-- 1929; 1,200 0 0 x z 6} 0}; 6 
3] North Glendale, Daviess.........--.---++-5- 1941 180 0 0 z z 10| 2] 3 
Al Mesa eb autes he cransieictaclet eee ers te datetaeratote 1926 420 z a 0 0 81} 0} 0 
5| Greensburg, Decatur...........2-++-++0+0+ 1893) 37,010 0 0 4,739.7| 228.9] 401) 2] 0 
Gh@alumbiay Gibson. etsy atte e ae eee 1941 90 4,587 502 0 0 Bl (OO 
7 Pleenor, Gibsonha--- cee (ee ene els ee 1940 20 4,500 0 0 0 1} 0} 0 
Si Hrancisto; Gibson. <0. << s..45- Actes 2 - lvls 3225 Ie 1929 730 200,434 11,234 1,282.7 x 46) 0 8 
Ol Hazelton, Gros ase14-- eee a iter ee 1941} 1,160 331,485} 144,885 z z 27; 8 6 
LOW obnsOn C4301 reas ora custo tet eee aoe 1941 20 6,676 1,976 0 0 2 Or) oel 
AT) WirksvilleGeasonie: <a. terete ree i 1941 420 115,657 74,457 C z 29) 14] 4 
A OMite Carmels Gibsonzs. coe ae als norte el telane neve 1941 30 10,818 5,518 0 0 3)> 3 0 
13| North Owensville, Gibson. ..........-+-2.--- 1943 150 39,129 39,129 0 0 10} 10 | 0 
14) ‘Owensville, Gibson... .% . 22.20. ese emis oes 1940 20 4,900 0 0 0 Tl Oba 
15| Patoka, Gibson 40 4,900 0 0 0 2} O| 2 
16| Somerville, Gibson....2........-22¢-+-8002-8 40 5,636 3,436 0 0 4; 2 0 
17 West: Princeton, Gibsons... (Vo 006 - ole ea ne 1903} 1,870 z z z 0 151} 0} =z 
18liGriffin, Gibson, Posey). ..0. 12.0. <0. 5-226 eae 1938} 4,070] 15,422,690) 2,393,390 0 0 430) 10 | 10 
19| Mumford Hill, Gibson, Posey. ..........-..-- 1939 350 = = 0 13 Lee 
20) Loconia, Ham tsOnenn ca. eesraere, <p bee <r a etek 1910; 6,605 0 0 % z 130} 1] 0 
21| Trenton, Jay and many counties®............ 1886} 778,080 z z x z | 26,624) 22 2 
olWMonroes City, Ageia seas ceeieieeas se oseuess 1922 400 x z 0 0 151 O10 
DSM, Carmel, (Knotts sc cect. eee av ame pas + atte 50 z 2 0 0} 2) 0 
24 Oalctowstetrleegtntieia9 gan see Aas tat 1930} 1,080 z z 2,004,431 | 42,511 82) 0} 0 
95) St. Francisville, Knor?...........-..---...0 1942 40 12,408 8,472 0 0 3} 0] 0 
96) Sta Thomash Knog.ta. + tesa terse eiahe «ae 1940 80 72,052 6,952 0 0 6) Ory 0 
27| Loogootee, Martin, Daviess.................. 1900} 2,200 = z x *2 58} 0}; 0 
93] Unronville,, Monroe: <n 19.4 hes oes a tes cee ey 1929} 1,400 0 0 x x 18) 0; 0 
‘SO Bristows Perry tyotigs-. oven hres culemtces dette 1929 270 x z 0 0 45) 0] 0 
30] Troy-Tell City, Perry, Spencer..............+ 1928 940 z z x x 83; 0] 0 
BT AlfordsPakeSs cas cde olan Oe acess cman tines 1919} 1,090 z £ x = 97) 0) es 
32] Iva, Pike. . Lo deeb tsd es SNe sehen eehiep eels 1935 160 0 0 £ = 5) 0 0 
93 SPUTHAOD MEMO activ anen denies wae cam aee 1941 20 26,020 10,820 0 0 2) 0} 0 
34| Oakland City, Pike, Gibson.................. 1907; 3,110 z z x 0 62; 0} 1 
35] Oatsville-Wheeling, Pike, Gibson............. 1919} 1,950 x z 0 0 259) 3] 0 
36| Tri County, Pike, Gibson........ 1925 370 z z r 0 74) 0 
37| Union-Bowman, Pike, Gibson. 1916} 5,180 x x x x 408} 5 | 7 


> Footnotes to column heads and explanation of symbols are given on page 270. 


1 Abandoned. 


2 Extension from Illinois. 


4 Includes Rush gas field. 
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ear, Bas Us. 1,778 yi 


Wells Producing? | P: ; : 
rie 1943 ca ae Producing Formation Decpest Zone Tested? 
per Sq. In. to End of 1943 
Ka Ei a 
” ig = SS & |$ j 
g |g. |S S| 38 es EB 
ke 2 = a : as is Ss 
1 3 | Gas z= > = s Name and Age? | oes ~ aie . Name 2 
8 bo 3s a |3 > oy 3 BS 26 i34| &£ cs 
zh ee S e BSS) 2 i = fee Se 3 3 
2} |= # | |8| @2| 3 #) | Be [ee] 2 rs 
3|\ = | 4 S| 2 ais*la SAR | AN | & a 
1} 0 | 27) O| = | = | | z | & | Chester, MisU S| P | 630 |i0 | A | Che 
2| 0 0 15 |275 x z z | Barker, MisU 8 P 650 |10 T St Tenis vere 
3) 0 0|- 6 |124.4) ¢z z x | Cypress, MisU Ny) P 678 | zx D MisL 851 
4) 0 31 0] = z z | x | McClosky, MisL Lae: tel 150) |) a Devonian 2,618 
5| 0 0 | 164 (275 z s z | Trenton, Tai) WP 886 10 | A Pre-Cambrian | 3/055 
6} 0 4 0} z r 36 | x | Cypress, MisU 8 Pp | 1,190' }.6 | D MisU 1536 
7| 0 0} O| z z | zx | McClosky, MisL Ls| P |2,673 |8 | D_ | Mish 2714 
3} 0 8 1 690 33 COI Brown, MisU ~ S | P | 1,340 Me. ¥ 
= T |\McClosky, MisL | Is] P |1,600 |25 | A } Ordovician | 4,006 
9} 0 27 O|.-< 39.5] =z McClosky, MisL Is} P |1,785 | 5 A 
| = = Salem, MisL Is} P (2,085 | 5 Silurian 3,150 
Osage, MisL Ls | P | 2,402 |10 ; 
10| 0 1 Gb se z 32 z eh, erate it NS) - 1,095 | 6 D MisL 2,802 
nsburg, Mis 5 1,333 22 A : ; 
mot) Sas | 3 hs? { MeClosky, MisL |Ls| P | 1,787 | 5 \ pet 1,956 
12} 0 3 0.) as z 38 | z | Cypress, MisU S$ P {1,976 |12 19 | MisL 2,355 
Cypress, MisU 8 | P 1,575 12 } 
i/o | 10] o| z | z 35.6 | z |4 Bethel, MisU_ S| P |2129 |3 | 2} | MisL 2,494 
; McClosky, MisL Is| P |2,440 | 8 i 
14] 0 0 0| z = 39.5 | zx | St. Louis, MisL Ds}, Po 12,880) 4.7 7) “D MisL 2,703 
15) 0 | O| O| | z 40.5 | z | McClosky, MisL Ls | P |2,250 | z | D | Ste. Genevieve | 2;300 
16| 0 SON eh a] We z | Tar Springs, MisU S| P |1117 |20 | D_ | Misu 2:266 
17; 0 Ter Le Sal oe ah zr z | West Princeton, PenL iB 890 | z A St. Louis 3,905 
; / Pennsylvania, Pen 8 P {1,250 (15 ; 
| | | Wattersbute, MisU 8 P |2,050 |20 
oe te Oo ele | fe Pe eee ba | p lascn las | op. | Ome 3,526 
Aux Vases, MisU | S| P [2,750 |20 
; heey a ie 2 ptt 8 
| : 'ypress, Mis 2,458 {17 F 
Pe le 8) shoe | | = fF {ee MisL |Is| P |2\917 |20 p} MisL 3,047 
20; 0 Oo) See | vz Los z | New Albany, Dev Sh | Fis | 690 |20 | M Trenton 1,770 
21; O | 200} 51 [325 zr 36 xz | Trenton, Ord L, D/P, Fis} 900 {10 | A Pre-Cambrian | 3,996 
Fe oo at 81 P lisse is | M 
} *ypress, Mis 235 |15 
ee fea MisU | S | P [1,465 |10 Salem 1,935 
| | Paoli, MisU Is | B | 1520 | 2 
23; 0 2 0} = z. | Zr z t Cyrene, M ae “ps P 22 aa z | Ste. Genevieve | 2,339 
5 c 
a4) 0 | 5| 26 281 | = 35 | z | Staunton, PenL $ {750 } 15 | ML | Ste. Genevieve | 1,502 
25) 0 So) SO cots] Se 39.5 | z | Bethel, MisL S | P {1,737 /13 | A | MisL _ {1,986 
26) 0 6 0] =z z z z | McClosky, MisL Ls | P |1,871 |8 | O Ste. Genevieve | 2,050 
27| 0 147} O| z z z z | Mooretown, MisU 8 E 532 110 | A Trenton 3,025 
28) 0 0| 13 |250 Zz z z | Coniferous, DevM Tail: UP 800 |40 AF | Trenton 2,102 
Tar pong MisU $s P 280: 1's ; 
29; 0 4 0} z z 33 z { Cypress, Mi 8 E 465 |10 ML | Ste. Genevieve} 710 
Elwren, MisU Sia Jb 9 
“f 71 . 
ao) o | 27| 2| =| = | [34 | 2 |{ Sample Nit elie tna} | NMP| MisL 1,708 
Mooretown, MisU Bole po z 
20 38 Oakland City, es S| P /1,080 io} A St. Louis 1,413 
= ala gad Bias 7 | Brown Sands, Mis | 8 | P [1,130  |10 , 
32) 0 0 bale x x z z | Hardinsburg, isu Sh) ead 750 |8 | D MisL 1,174 
33] 0 LINO ea) ez 34.5] z a seat . a hs D_ | MisU 1,151 
t; ’ ’ } 
aa, o-| 34| of c | 2 | |28 | & |{ Bien Met | 8] P |L107 10}| A | Paoli 1,444 
{Brows —_ 5 3 rtd z 
z 
5] 0 |1s0| o| = | 2 | iso |e {Weer Meo | 8 | P [rao [2p | A |Barqisbure 2,050 
pee La 3 [a he 
P . 
36 0 13 hos x 34 z {Oakland City, Misu| 8 | P | 1,317 ‘of A Ste. Genevieve | 1,998 
es ee 2 5 Bevis 7 
y Cypress(?), Mis’ 
at sabe MisU § P | 1,233 A Salem 2,205 
37| 0 | 273 Oe sz z 35 4] re’ Le| P |1'233 , 
be Ver 
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TABLE I aa ( ontinued) 
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OIL AND GAS ACTIVITY IN INDIANA IN 1943 


Oil Production Gas Production, ee ve 
Total, Bbl.¢ Millions Cu. Ft.¢ Wells’ 
% 
S 1943 
>, | Area = 
Field, County = Proved, Z 
5 3 — To End | During A To End | During | #3 
g a of 1943 1943 e] of 1943 1943 3a 3 3 
S “s = 2 6 = Ss 
: : 2 Bele lz 
\B - = OM heehee 
38 (Bulan Poseyaretentca. ates te Ave alot ee erent 1940 150 129,147 31,747 0 0 10! 0: |) 10 
99) Caborny lose seas eve oe cc teln mele see ce tes 1940 730 570,790} 219,490 Lt x 41] 2] 1 
4g\l(Caborn; West; Poseya an. -\ aan.e setae eoretion 1941 80 34,137 11,037 0 0 7| 0 0 
Ati College; Poseyns: sa .carissme Gaeta ee 1940 100 92,846 17,646 0 0 ae 3 0 
49\\Grafton; Poseytieiic. cc Pee tan ae a 1942 20 692 0 0 0 li. 0 0 
43\\ HalfMoon;) Posey: ico se acs che cee eeies ose 1942 20 6,499 2,599 0 0 1" On p 
a4\(Hoveyuakes Posey) <1.h. sean omen cere 1942 20 3,789 2,789 0 0 1} 0| 0 
45 Inman, Hasty Poses ery ne eel ooeeeeteae eere 1943 10 2,246 2,246 0 ae 0 
AG| Lamotte Posey sno cr sors be aoe eae 40 35,796 13,296 0 0 4! 0} 0 
47| Mt. Vernon, Posey 310} 1,212,257; 483,057 0 0 wal 27 3 
4g) New Harmony, Posey. 3.2... .-.--0+.2+- 4.06 1939 430) 2,204,297) 528,397 0 0 30; 4] 9 
49| New Haven, Posey?...............--.. cs 20 14,359 7,459 0 0 1; 0 0 
ETM Roihah BY ay ys eerie hreaceatech eel, cennenc ap 20 27,200 6,900 0 0 1} 0] 0 
51| Prairie, Posey....... Pe RSs Ceci, Ree ome 20 9,933 2,583 0 0 Lr Oulesa 
aNRapturesoseykee en nose ete eee eee 20 59. 0 0 0 1) .-9 0 
5a Ridge; Posey ota ee ce feet 2 eee 20 2,559 1,559 0 0 1} 0 0 
BAIROGCIH: EL OSey sere = ae metals eteloee eae eo at ees 20 10,328 10,328 0 0 2} 2 0 
55| St. Wendells, Posey... . 240 z x 0 0 281° 0] 6 
56| Stooker, Posey....... 40 25,304 9,804 0 0 2} 0] 0 
Bap UptGn epee ee 10 606 606 0 0 1} 1 0 
58). Welborn, Losey... A1-5 ain cht eels Mes ae Se 20 13,598 4,098 0 0 tT) OL 6 
59| Heusler, Posey, Vanderburgh................. 1938 az} 1,153,746] 273,046 0 0 51] 0 | © 
60|| Einterprise, Spencer’... ..:..0...<.dee<tas5.~0 1939 170 z z 0 0 11} 5.) 
61) Bureka, | Spencer ..10 0. cacen aude ener Ha 1942 10 x z 0 0 IS Ovetg 
62|'Grandview, Spencer... 2,-2.2 2S..bec. snes cs z x z 0 0 ty Whee 
63|| Hathield) Spencent in. <2 oe delewtteetone seme» 130 z x 0 0 14, 0] 9 
64| Rock Hill, Spencer 310 z z 0 0 24) 0 0 
65| Rockport, Spencer = I x x x 66) 2 1 
66) Richland, Spencers... -.... ss csebeecceccsve 40 x = 0 0 see iy 
67|Gentryville, Spencer, Warrick................ 260 z 2 0 0 t3}s a") 8 
; ‘ z & 0 0 101} 0 
68; Dodds Bridge, Sullivan...... 00... .000cc00-. z| 400 { vesal lt oee ; " ap Okae 
G0) Manta, Siding. eet cee, cee ate anes 1932 200 0 0 z = 16} 0] 0 
70| Shelburn-Sullivan, Sullivan’... ............. 1911) 5,780 x x x z | 1,000) 0] 3 
71| Vanderburgh, Vanderburgh.................. 1931 600 z & 0 0- 95} 0] oO 
72| Vaughn, Vanderburgh!................0.000: 1941 120 1,214 0 0 0 1) Oh 6 
73| Vienna, Vanderburght.............0ccceccues 1933 Fd x z 0 0 103) 1 0 
74| Vernon Heights, Vanderburgh. ............... 1941 190 x x 0 0 16)" Fal ep 
75\\(Prairie Creek, Vigos-.....<natek eel aeeee « 1937 460 692,994 93,894 
76| Riley, Vigo..... PRR ECo gots ODA Sonn. oe 1906 310 < ‘ £ 0 0 33 ; 
VT OSI, Vga: Queenan. «oes. donne Meena eiee 1926 880} 3,231,401) 111,401 0 0 
r Hay mol, , 86) 0 2 
Millersburg; Warrick®.\.0.2.0.<.0 ccna in ec 0 x x 0 0 Li OMe 


6 Formerly called Shelburn-Graysville. 
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Reservoir 


Wells Producing? | Pressure, Cha 
Dec. 1943 Lb. e oe Producing Formation Deepest Zone Tested? 
per Sq. In. to End of 1943 
Oil 4, Ni +| = |g l 
: 3 ; El<alt “ 
& @|8)4 |S o8 eS x 
<= > he ‘ = a 4 5 
n *3 | Gas = fd fs s Name and Age? alé spel ef). Natio 3s 
5} ww 3 ale & - s = o-8 se] © sa 
Z| 8 3 = & }s| Bs 3 S| ob) Ss (Sh) 3 Ss 
o| & | & CO SV Sore £,8 | 23 Se 8 a 
s|2| 5 3 | (sl fe |e ffs | ee |f<| & a 
a & ate elot ls So] a | ak AS a a 
634 | 2 
poe) 10} “O) 2 | 2 32-34) z {Bennssvanin Pen | S | P | 1,130 2 i 
Cypress, MisU 8 | P la'saa lias] * |S Louis ow 
362 | 9 
a Pennsylvanian, Pen | S P /1,095 {12 
39 40 a) ss 27-34| x Waltersburg, MisU | S | P {1,880 | 7?] A Salem 2,74 
Tar Springs, MisU S | P |1,990 /|10 ee 
Cypress, MisU S P | 2,367 
40} 0 5 O| z z 34 z yoress, i 4 S | P |2,497 " A | MisL 2,670 
41 , ux Vases, MisU S| P |2\505 2 : 
0) 5] oO} 2 | 2 | |385| = |{Mineg Me, |ts| p [oe t}| D | St.Louis 2,729 
42| 0 0} O|] zs] 36 z | Tar Springs, MisU Bi P3139 et 1D.) Mist, 3,010 
43} 0 Di) t-<s | = z z | Aux Vases, MisU S| P |2,609 |11 | D | MisL 21653 
44) 0 1 0} z z z z | Pennsylvanian, Pen S| P /1,095 10 | D | Pen 1135 
45| 0 PaO) he hos z z | Tar Springs, MisU S| P |2,039 |10 z | McClosky 2309 
46) 0 4 0) « z 35.5] = = Springs, i 4 : — i. D | Ste. Genevieve | 9’312 
’ al urg, Mis 000 5 : 
47 0 | 20) o| = | « | | ass] = |{Qatemue by See Er iibgltentttods. (leaerant 
| [a See at 3 P {2,172 ~ 
ar Springs, Mis P | 2,295 4 
48, 0 30 0 z = ' 36.5 z Cypress, MisU Ss p |2.610 |11 A St. Louis 3,028 
| (MeClosky, MisL | Ls | P /|2,968 | 4 
49) 0 1 oO} 2) = Zz z | Cypress, MisU Sul P2457 |e) aw MisL 2,925 
50; 0 1 0 z zs | | 39 z | McClosky, MisL Ls] P |2,760 | 4 D MisL 2/908 
51] 0 1.0) = / z z | z | McClosky, MisL Ls| P |2,839 112 | D | MisL 2'968 
52| 0 OL Oren’ = | 39 z | McClosky, MisL Is | P |2,972 |6 | D | MisL 3109 
53} 0 1 0} z z z z | McClosky, MisL Ls| P {2,737 |5 | D- | MisL 2'749 
54] 0 2 0 4 36 . { Waite MisU 8 P | 1,887 3 c ; 
= Waltersburg, MisU | S | P |2,195 [10 \ z | MisU 2,963 
55) 0 26 O} <x z = z | Mansfield, PenL S | P |1,007 |30 | ML | Chester 1,920 
56} 0 2 0} z | z 38.5 | z | McClosky, MisL Is | P |2,612 |7 | D isL 27621 
57| 0 ra ed eae ae z z | Tar Springs, MisU By oP yadasmi 7 z | MisU 2150 
58) 0 1 O| z|z 36 z : toags = 3 z em > D_ | Ste. Genevieve | 2'817 
r altersburg, Mis 475 : ‘ 
59) 0 | 437] of] z | 2 | |27-35| = {te Srebure ey | 8 | PLS 25 | AF | Ste. Genevieve | 2,643 
Palestine, MisU ile (eg 915 10 x 
60} 0 11 Ol z z 32-36| =z press, MisU 8 Pi ,404-7]|:8° 9) “D Mis L 1,745 
McClosky, MisL Is| P |1,671 | 8 : 
61} 0 1 im Bic = 38 z | McClosky, MisL Is | P |1,652 | 2 D MisL 1,674 
62) 0 Cie Ol s | z z z | Aux Vases, MisU S| P | 982 |10 | 2 | MisU 1,077 
ero Ie. 0} = |} = 34 z Waltersburg, MisU § | P |1,029 |15 | A | St. Louis 1,783 
64) 0 21 0} z z 34 z | Sample, MisU 8 P /1,310 |10 MC | Ste. Genevieve | 1,500 
6| 0 | 16] 38] = | z | |33.5| 2 |{ Benneylvanien, Penk. By eda Bee Oy] ok we Bt Lowi 1,707 
66| 0 1 a ewe 2 z = z | McClosky, MisL Is | P |1,540 |10 z | MisL 1,548 
67} 0 | o| o| «| z z | z |TarSprings, Mist | S| P |{232})33 | D | MisL 1,241 
68} 0 z 0; z z z z | Pennsylvanian, PenL | § P 700 |z | A 2 
Ci 6s Ole | 2 46 | z | Devonian, Dev Ls| P |2,337 hs Ay Devonian —/ 2,386 
69} 0 0 Cl eg z EZ z | Pennsylvanian, Pen Bole { av 9 | D Pennsylvanian | 628 
560 
640 
Pennsylvanian, Pen | S | P (38 £ wa 
70| 0 | 273?) 187/110 z 35 800 AN | Silurian 2,875 
Harrodsburg, MisL | Ls | P 1,400 | z 
imo sea hs 0 ssf ie |.) 80-8), eh) See Be Is | P |2270 | 71) ML | Ste. Genevieve | 2,435 
Mansfield, PenL ae 899 | « 
72| 0 0 0) 2 z 34 z Neo at MisU 8 P | 1,647 | 8 a} see 
ow) 18 2,562 
73) 0 34 ex z 29 z | Providence, Pen s P. 468 |16 z 
Mansfield, ae Bi) oe oo fe vty Chester 1,920 
m| 0 | 15] o| z | « z |2 { Waltersburg, ¥ se A eee es 2,653 
75| 0 14 Oi es x 37 z | Niagaran, Dey-Sil La | P | 2,074 | ¢ O | Silurian 2,232 
76] 0 1 OM ie £2 x 50 z | Niagaran, Dev Is| P |4,605 |z | A Niagaran 4,302 
Tz 0 42 Oi} z z 39 z | Niagaran, Dev-Sil Tal) P 423100" |e | D Trenton 5A 
_ 78) 0 0 Os = z z | McClosky, MisL Te | PAA 887 eis | Dy MisL 1,956 
So nn 
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TABLE 2.—Summary of Drilling Operations in Indiana 
nn 
Important Wildcats Drilled in 1943 


Loca 
County 

5| & 

1| Adams....... 35/25N 
2| Bartholomew |25| 8N 
dl Destbora. 2/15) ON 
5| Delaware... .|13|20N 
6| Fountain..... 2)18N 
i Gibsonlese rn - 25) 28 
8| Gibson...... 7| 28 
§| Gibson...... 31} 3S 
10] Gibson...... 19} 38 
11] Gibson...... 36] 3S 
12| Gibson...... 11) 38 
13] Gibson...... 30) 38 
14} Harrison... .. 36} 38 
15] Harrison... .. 5) 88 
TOUS Sore comnes 5/22N 
17| Jennings... .. 23| 5N 
18| Jennings..... 12) 7N 
19] Jennings..... 30) 7N 
ail Knor....22.| 8] BN 
22iakes 7c eee 5|22N 
23| Lake........ 30/32N 
24| La Porte.....| 5|86N 
25] La Porte ....| 7|87N 
26) Portier. gc2 re 3/36N 
27 | Poseyinmce nie 241 8S 
28] Posey....... 26] 88 
90) Posey.ccc.. 35) 58 
30| Posey....... 41658 
Bi POROY ss, 6..0.0s 291 45 
$9\"Posey.......- 32] 68 
33] Posey 29) 7S 
$4| Posey....... 6} 78 
35| Posey....... 14) 78 
36| Posey....... 34| 758 
BT NPOROY cc, conic 25| 78 


tion 


&% 
a 
E 
E 


W 
WwW 
WwW 


Total 
Depth, 
Ft. 


2,500+ 
1,168 


1,724 
864 


1,760 
1,700 
2,454 
2,373 
2,283 
2,669 
2,341 
2,624 
2,790 
826 
828 
1,567 
1,336 
1,200 
1,537 
2,400 
2'352 
2438 
1,315 
1,565 
1,528 
1,125 
2,703 
2,873 
2,967 
3,115 
2,963 
2,150 
2,807 
3,009 
2,901 
2,806 
2,700 


Surface 
Formation 


Pen 


Deepest 
Horizon 
Tested 


Drilled by 


Initial Produc- 


tion per Day 


Pressure, 
Choke} Lb. per 
or In. 


Bean, 
Frac- 
tions 
of an | Cas- 
Inch | 98 


Cambrian 
(Trenton) 
Ord 


Devonian 
Ord (St. 


P.) 

Ord (St. 
P.) 

Ord (Tren- 
ton) 
Mis (St. 
G.) 
Mis (St. 
G.) 

Mis (St. 
G.) 
Mis (St. 
L.) 

Mis (St. 
L.) 

Mis (Ste. 
G.) 

Mis (Ste. 
G.) 
Devonian 
Devonian 
Ord (St. 
Peter) 
Ord (Tren- 
ton) 
Ord (Tren- 
ton) 
Ord (St. 
Py 
Devonian 
Devonian 
Cambrian 
Ord (St. 
iP) 

Ord (Tren- 


ton) 
Trenton 
Ord. 


ter) 


. | Sinclair, 


. | The 
Co. 

. | Cherry & Kidd 

. | Carter Oil Co. 

. | Carter Oil Co. 


R. O. McKee 
James C. Hamil- 


ton 
H. C. Detrick 
Central U.S. Oil 
& Gas Co. 
W. E. Weidler 
Fountain Oil Co. 
Superior Oil Co. 
Superior Oil Co. 


Phillips Pet. Co. 


Kingwood Oil Co. 
Phillips Petr. Co. 


W. H. Bears 

Superior Oil Co. 

Harrison Dev. 
Co. 

Harrison Dev. 

0. 

Mueblhausen & 
Smith 

Comiskey Oil As- 
sociates 

Ohio Valley Oil 
& Gas Co. 

Ohio Valley Oil 
& Gas Co. 

Sun Oil Co. 


Sun Oil Co. 
The Peter Fox 


Sons Co. 
Walter Elliott Tr. 


Shell Oil Co. 

Lyman, Steffy & 
es 

Tri States Synd. 


.| Sinclair, Wyo- 


ming Oil Co. 
Wyo- 
ming Oil Co. 


. | Rossi & Kiltz 
Bur-Kan Pet. Co. 


Bennett 


Dig. Co. 
Carter Oil 


Baldwin et al 


187 


.| Superior Oil Co. | 32oil 
133 W 


Bros. | 115o0il 
20 W 


50,000 
100,000 


*T. A., temporarily abandoned; D. and A., dry and abandoned. 
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TABLE 2.—(Continued) 
Important Wildcats Drilled in 1943 
ve Pressure. 
Initial Produc- 3 
‘ - Chok Lb. per 
2 Location tion per Day ns J So. bas 
, Bean, 
County Drilled by G Frac- Remarks 
Oil, | mit’ | #8 | Gas. | Tub- 
CN Se oe eee 
, Bbl. Cu. Ft. Inch 
eee i ; . | A. J. Hammer D. and A 
Be Rita ; .| E. T. Hart D.andA 
bares 7 i . | O. D. Vickers D. and A 
Gen.) 
oes i . | L. L. Benoist 4 bbls. pump 
Gen. oil 
mle ay il The Ohio Oil Co. D. and A 
we aets . | The Ohio Oil Co. D.and A 
Milo Ritchie D.and A 
~| Cherry & Kidd D.and A 
Vanderburgh. |11 . | O'Neal & Lacy D.and A 
Vanderburgh.| 3 Roy Lee Tr. D.and A 
Vanderburgh. |18 Clark Nye D. and A 
Vanderburgh. |22 Geo. E. Nelson D. and A 
et 
bane yong Eaglé Oil D. and A 
0. 
Pais eo Bu Stro Oil ~ D.andA 
seve W. P. Dearing D.and A 
. | Ohio Oil Co. D. and A 


Sons . | Waller Chenault 
t al. 


Number of wells drilling Dec. 


Number of oil wells og ae (O05; eee be Aid. ce ea ee 
Number of = wells completed during 1943..........-.---++0+---sseeee ener eer e ress 


Number of 


In Proven Fields} Wildcats 
57 17 
197 5 
19 0 
84 75 


holes completed during 1943.....-......++-++-s-+eeeceeeseeee esses 
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OIL AND GAS ACTIVITY IN INDIANA IN 1943 


TABLE 3.—Completions by Counties in Indiana in 1943 
a Eee ee 


Total Initial 
Producers Production of Rootaee 
County Completions Drilled 
Oil Gas Oil, Bbl. | Gas, Cu. Ft, 

A damisint Sy. crete Reta caszeutee eh one. cree eae asia I to) te) to) te) ee 
Bartholomew. cece san anorectal orn I oO to) (0) ; ere 

Blacleford sins saith tee Cr Loe ennaaiete acto I 0 to) oO a 
Chay Sica aie, ate pvnaaahonc el Gt) concer Mare itret Me raitey otc st ) to) o (0) 1724 
Daviessie seks coeue sicyeeb eee Paine vi eieteoste 14 I 3 4 1,472,000 11,371 
Dearbornvietsctes Werte sumte vie cies eects 2 to) to) te) o 1,300 
Decaturieg: cbt ty bastion Beene eas 3 0 Bs 0 450,000 2,693 
Delawaxen tuts ettucrs Wate cies kee Setee ene ateca a six tastes 2 ta) to) 5 fo) 3,052 
Dit Bors eee reer ee ce tears tees tatavel ease sts, 3 2 oO ts) te) o 2,002 
I to) (a) o ° 1,583 
is) 3,902 (9) 170,193 
ug a I to) 50,000 2,594 
3 o 3 Oo 75,000 2,750 
I to) oO (0) (0) 148 
I2 ) 2 03 125,000 13,898 
3 to) fe) oO ° 4,073 
“ro 4 0 119 ° 19,065 
3 is) ° (9) ° 4,153 
2 o™ fo) to) 0 3,093 
I to) to) Co) te) 1,030 
I (9) I (6) 100,000 870 
a8 (3) (0) (o) ro) 285 
I a) oO te) ° 875 
I to) o fe) (0) 380 
8 o o oO i) 9,207 
I 0 te) (0) fo) 1,125 
POSEY 38 #5 ater as osc astcuendletcic le oes te ieee 59 20 I 1,440 25,000 142,126 
aT COL pL Ge Arte o Serencie teetete dete tet ete eer Seater 5 I I 60 25,000 5,680 
RUSE i fates tcaegnes costes Ae neieiartane Odor Re 2 fe) 2 ta) 115,000 7771 
SCObi aa aeeisdses He chante etd etiete ate teen omdare ats I ° o 0 ° 1,552 
SMPONC]L MA ssisistace suerte chet Peake Sei tance ntl ars 25 10 I 374 100,000 26,435 
Sailavatte ee ees cncte ems cdahoete oe rome ore 2 (a) 0 te) to) 3,528 
PRIPPECANGSs hv wicks ese eres ke a en eee I oO oO ° o 1,040 
Mariderburg ys rcsatatccrce stetecle tetramer eer 17 7 I 370 25,000 32,246 
Wisrrietes Sours oe Be eo ee re 6 oO ra) ° oO 10,635 
Wane. (aa cee Ccpennie s eee ne an ee ene Pee 2 fa) ° ° ° 4,607 
A abct ste Recerca Yee center ror ea neers Sees I o o ° to) 928 
277 99 19 6,362 2,562,000 482,799 


which produced approximately 2,395,000 
bbl. of oil, accounted for nearly half of 
the total production of the state. 

The price of crude oil was $1.22 a barrel 
for the old fields and $1.37 for the new 
fields in southwestern Indiana. In the 
old Trenton field in northeastern Indiana, 
the producers received $1.60 a barrel for 
the crude, which was used as fuel oil. 

Figures on the total production of 
natural gas in 1943 received to date are not 
complete, but the yield from the three 
largest gas fields in the state are as follows: 


Rockport gas field, in Spencer County, 
which is the largest in total yield, was 
500,151,000 cu. ft.; Greensburg field, in 
Decatur County, second largest, was 
228,894,100 cu. ft., and Unionville field, 
in Monroe County, third largest, was 
168,710,000 cu. ft. The total yield of these 
three fields show a decline of 15 per cent 
over their 1942 yield. 

Warren Petroleum Corporation, oper- 
ating in the Griffin field, processed a total 
of 1,700,923 M cu. ft. of casinghead gas. 
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Oil and Gas Fields of Kansas during 1943 


By W. A. VER WIEBE* 


SPURRED on by the very high demands 
for new crude supplies resulting from 
World War II, the oil men of Kansas 
strained every effort in 1943 to find as 
many new pools as possible. In all, 1761 
test wells were drilled, of which 895 were 
successful in finding new oil supplies and 
32 in finding new gas supplies. The total 
number of wildcat wells drilled in Kansas 
was 577, including the so-called ‘‘ extension 
wildcats,’’ which are located less than 2 
miles from production. 

As a result of the very determined effort 
to find new oil reserves, 49 of the wildcat 
test wells found new oil pools in western 
Kansas and 7 found new oil pools in eastern 
Kansas. There were 289 rank wildcat tests, 
and among these 28 were successful ven- 
tures. They are responsible for 26 of the 
new oil pools recorded for the year and 2 of 
the new gas pools recorded. The ratio of 
dry holes to producing wells among such 
rank wildcats is thus approximately to to 
1 (289 dry and 28 good). This compares 
with a ratio of 11:1 in 1942 and 6:1 in 
1941; the same in 1940 and 5:1 in 1930. 

With nearly all wells flowing to their 
maximum economic capacity, the total 
production for Kansas during 1943 reached 
a new high; that is, 107,700,000 bbl., com- 
pared with 97,000,000 during the previous 
year. Similarly, the amount of gas sold 
during 1943 made a new high point on the 
production curve. The total amount was 
122 billion cubic feet, compared with about 
9814 billion cubic feet for the year previous. 
As usual, the large Hugoton field of south- 


Manuscript received at the office of the 
Institute April 7, 1944. 
* University of Wichita, Wichita, Kansas. 


western Kansas accounted for approxi- 
mately half of the total gas production. 


HIGHLIGHTS OF THE YEAR 


Despite the fact that 56 new pools were 
found in Kansas during 1943, it must be 
admitted that the future reserves of the 
state have not been increased greatly. Most 
of the new pools seem to be of minor value, 
although it is admittedly impossible to 
gauge the future production of any pool 
in Kansas with any exactitude. Judging by 
the later performance of some of the pools 
found in 1942 and in 1941, less than five of 
the new pools are likely to make any great 
contribution to the state’s future oil 
reserves. Taking up the counties of Kansas 
in alphabetical order, the following state- 
ments summarize the highlights of the year. 

In Graham County, the Morel pool was 
extended to the southeast and this pool 
now promises to become one of the im- 
portant pools of western Kansas. Several of 
the older wells have already contributed 
more than 100,000 bbl. of oil, and such a 
figure is considered very satisfactory in 
Kansas. ‘ 

In McPherson County, important new 
reserves were found by persistent drilling 
in township 17 S., R. 1. W., the most 
northeastern township of the county. 
Many new wells in older pools and dis- 
covery wells in new pools make this region 
look promising. The Lindsborg pool, which 
had a sensational revival during 1942, was 
also extended in a number of directions 
and has now become a rather large pro- 
ducing area with a fairly high future 
potential capacity. 
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W. A. VER WIEBE 
TABLE 1.—Oi ee 
ue il and Gas Pools Discovered in 
‘a County, Field and Location Ope = 
rator and Fee eologic itl 
ee peedlogic | Depth, Ft. [Month], ‘utial 
: Skinner. 59.31. 14W fone 
Turkey'C Bren Peed 2 Deep Rock “B” Ski rape 
. Barton fe 20-30-15W.. 2.2... Alay hit No. Nat lie a vole init Bibra en 
nsworth § ‘ 5 : 
4 Ames, aa ae a pet Cee Blck. Marshall No. 1 Hitchman Ai SR il . 
Ake aieiey Estee Jonas No. Ames eee Lee Dec. 100 
JERR ABW pcos , i .K. C. | 3,042-3,048 | Jul 
4 Erle ab, ii a Oil No. 1 Barrett pena 3469-3465 Aug ve 
Ble Stee CIR. Eininh thok geuckle | 3300-8310 | Dec pe 
ARIST WAS fk ls. . 
10] Sites NW. 37-49 11W. oo heey pana ong J) Arbuckle | 482-2480 Dee a 
* 9-11W. yne No. 1 Roesler : seh eae 
: wigs, NW BASAL oo =e icy pane Arbuckle 3,291-3,298 | Mar 44 
1 ie a . Arbuckle 3,331-3,361 Mar. MB 
< ves era et a a Rex Morris No. 1 “B” Allen i . 
7 0 ey Co leer MG acbink ss Branine No. 1 Joseph ’ xe Bccater dren Le 
Px any gee iss. 2,678-2,687 | Aug. 60 
7 inson on County ...| Nor. Ordnance No. 1 Raney Lans. K. C 
oe 3 S. FA. &. 
15 — Ses N. SLi eae a Ingling No. 1 Miller Ki i 
16 ge ‘ounty ” i eee Hutchinson No. 1 “B"’ Martin aie pu Be oral toe Md 
"7 oe 34-15-16W.......... Coral i eee ae “ 
17 Bee W.33-1516W. Ss oe - 1 Beeching Lans. K.C. | 3,1 
i cist W SSAS.TBW. oo Coralena Ore ie pene aha EY 56-3,160 | Aug. 800 
a 8 art 102 Wan | Sorte No. 1 Urban Lans. K. C 3,292-3.326 | Dec 475 
, ker, HIS SW 2 B R Drill No 1 Leiker oa 2. 3,504-3,514 | July 275 
3 : teen pater me Nias) Richards _ . | 3,292-3,298 | June 75 
= Sper ee ckle 3,610-3,619 | July 1,300 
ae wconsts e No. “ ” : 
py: d Lagree Chat 3,305-3,315 | Dec. 200 
é = = MILLIon 
d , §-10-21 
¥, M. cod SSR aeaee ge McLaughlin No. 1 Union Central McLo' pie 
ee - Ta cLouth 1,251-1,274 | Aug 10 
teks ae es o. 1 Fanska Me a - 
-7 Sees eM Bese ceeee Adair Morton N a ace a 
A Sawant n oe 
: pecs oo ; SS) eee Shallow Water No. ee “Chee” ee ie a 
yr gid it Ea ee Allen No. 1 Skelto apn ith Ge 7 
a Fal County Seo eaves tease Cities Service No. FI “C” Hansen ie reas tree 00 
Gon og sow ns. K. C. | 3,300-3,312 | Feb. 1,600 
29 fete Lion No. 1 Chitwood i ; 
z abi, S-2BIBW. 200 Stanolind No. 1 Frisbie oeagad CO a eee ee td 
toma eB ae ere 2 ans. K. C. | 3,947-3,955 | June 470 
mat No. anning i 
a id C Viola 4,099-4,102 | Aug. 2,600 
Maller. 8-10-OW.oc1 sc? ...nc---- Aa Ne. tie an Bon Ie, 
ame < ; 182-3, ec. 1 
é i side See ler adh tes 3,240-3,243 | July ro 
oe oy gee SF ee ps No. 1 Volkland ; 
‘3 y Arbuckle 3,221-3,251 | N 
= — a acter, a ee oe Continental No. 1 Kriley A 2 a 
36 Palen ne = oak ae rowreem a o 1 Marcotte ieee ee ne 00 
LR nie. stot = inen ; ; 
- : o. 1 Miller Arbuckle 3,824-3,843 Dee 20 
‘ussell Count 
37 Ch 
re egwitiien, 20-15-11W.....-.... Mid Plains No. 1 Chegwidden Lans. K. C. | 2,998-3 cv. Pr Gus 
a beanie Ss peta ee Gore No. 1 Kastrup La ae Banas 
coesecersseetFeees u a . @ 
See Sear ee) 
Ohio No. 1 Strecker rena ; 3949 2345 July "8 
342-3, June 75 
Deep Rock No. 1 H “ am 
Wall Greck No. 1 Karber ene ol Sonn uos | duly ae 
Westgate No. 1 Sudendorf repens ee ieee pres 23 
Union Oil No. 1 Pratt Lans. K. C aT, pe 
; K, CL 3; H are 175 
Stanolind No. 1 Hewi 
‘| Siaiy No. 1 Campbell See eyaasr (gue 000 
Spee ee fe ee 4,417-4,433 | July 3,000 
_| Cities Service No. 1 Grunder Pe a ar ue Ties 30 
Hirshfield No. 1 Heyen Aabuctl C. | eee sees | Doe 5 
_| Faulkner No. 1 Welsh Ar aaa Soieyery ate 30 
é Pesikos 2 o. 1 Rothgarn rian pp ve 180 
con Seaboard N Criyrale 
oc Sarg Pao o. 1 Spangenberg leon 3,691-3,697 Mat 300 
Samos ace an Lieu ee oa deen Ma 450 
ns No. 1 Kelly i : 5 100 
Viola 3,798-3,803 | Aug. 300 
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In Phillips County, the drilling in and 
northeast of the Ray pool has confirmed 
predictions that this pool might become 
one of the major pools of western Kansas. 


TABLE 2.—Wells Drilled in Kansas in 1943, 
by Counties 


“ Oil Gas wieD ry, 

County Wells | Wells | Holes Total 

Barbers atemcec ase ue 8 4 16 28 
Barton meee ote 96 105 201 
Brown 3 2) 
Butler 34 22 56 
Chase I I 
Clark I I 
Cowley Pi 3 42 72 
Decatur 5 5 
Dickinson 4 =.8 I2 
Edwards I I (1 9 
Blk ooh Sac os tokens I I 
Bllistce.. os Sees 7. 38 75 
Bilsworthije, seer ree 26 27 53 
Pinheys50 sate eee I I 
(GOVE we eae 2 2 
Grakame ne eee 14 24 38 
Greeleyini. acces a I 
Greenwood........... 22 II 33 
BrVCVame en eee a 2 5 I2 
jetkersony same se nee II 5 II 27 
IKGaTVAN che cenieen ee 6 I 5 
MGgilepeee i Ooe adage oo - 6 6 
KaO watson eee on cerns 3 3 
Leavenworth......... Ss 6 23 35 
Lincoln eee I I 
WO atin ns etereiaeicisnnecure re I 
yOnne ayoage honetetereoncareree 2 2 
Miarionisii-ccroen oe ee Sh 31 62 
McPherson. 78 51 129 
Morris.<.. hae ce 3 ZB 
Morton.46 ao ete z I 
Mitchell pe eee 2 2 
INGSSiictc «+ seashore sine” 2 2 4 
INOntomeerde tes cee 4 4 
Ottawa.sasas dees 2 2 
Osborne 3 3 
Pawnee Woden chs Bee 3 3 
Phillips. sateen seen 22 13 40 
Pottawatomie........ I I 
Prattoe.s. ati: 97 I 26 124 
Reno. wt fore ones 43 25 68 
RACER, «iy. tee ee 69 56 125 
IROokKS. shen aantaer ees: 30 36 66 
RUSH eRe crasreradeies 2 II 13 
Rarsselletiyaeie scot sarc 139 717 216 
Salinel A. s.r eee 17 20 34 
Scott attrrya: cee I Tt 
Sedgwiclk....0iaeo+ same = I II 15 
BWHEGS fn, see cee I I 
Sherman I I 
Sheridan. ania. ee 4 4 
Stafford 72 72 T44 
Stévens... asad. sone 4 4 
roloboabatsiteamn mttnen baautn, ce I 6 7 
Thomas I I 
Trego 5 3 6 
Wallace 3 nt 
Wioodsonsinn. <.005.. R} 3 
AROEBIS. cos nods ae 3 805 32 834 | 1,761 


The new extension toward the northeast, 
called the Hansen pool, carries a great deal 
of promise. More than two million barrels 
of oil has been recovered from the sub- 
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surface in the Ray and the Hansen pools, 
and this is only the first flush production 
of these pools. 

Pratt County seems destined to become 
one of the hot spots for 1944, for there the 


TABLE 3.—Resulis of Drilling in Western 
Kansas, Based on Type of Exploration 


Method 
Method duc- | Dry | Total | cent- 
tion age 
Subsurface. yasc0 ae 21 82 103 20 
Seismograph. ne II 59 70 16 
Core:drill Wi Ns ae 6 45 51 12 
Subsurface and core 
Grill, eee at See £ Io II 9 
Seismograph and core 
aril), geen dees ° 7 i te) 
Gravimeter........... 0 2 2 Co) 
Totals 442205 Souk 4I 216 257 16 
Chance: na25 nt beertanis 5 127 132 4 
Show in near-by well. . 2 5 7 29 
Grand tiotale[ys2-4)5 48 348 396 12 


TABLE 4.—Production of Crude Oil in’ 
Kansas for 1943 


Daily 
Total lege Average 
Month Num- | pyo- per Total 
2 ber of tad Pro- Runs 
Wells te cf rated 
ews | Well 
January...... 22,401 |- 97,220, 37.1 9,182,200 
February.....| 22,438] 7,234 36.8 8,686,384 
March. 252. 22,4690| 7,251 38.4 9,730,032 
April cave 22,548 |. 6,746 36.3 9,580,488 
Mayes eee 22,548 | 6,749 34.6 9,080,768 
Fane me care aera 22,507 | 6,689 34.6 9,003,237 
Fahy cee ee 22,615 | 6,708 35-4 9,068,700 
August. e>- 22,6908 | 6,173 334 8,914,701 
September. ..| 22,728] 6,144 34.2 8,835,310 
October. .... < 22,792| 6,209 3232 8,525,775 
November. ..| 22,828] 6,246 33.1 8,666,515 
December... .| 22,889] 6,200 32:4 8,435,560 
Total. 107,700,679 


oil man found generous rewards for his 
drilling efforts during 1943. Not only were 
wells with large potentials drilled in the 
older Iuka and Carmi pools, but also large 
wells were drilled in the younger Stark pool 
and in the new Chitwood pool. In addi- 
tion, important extension wells were 
drilled southwest of the old Cunningham 
pool and north of the Cairo gas pool. The 
great thickness of Simpson sand found in 
some of the wells of the pools of Pratt 
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County augurs well for an ultimate high 
recovery per acre. 

In Reno County, the highlight of the 
year was the liberal number of extension 
wells drilled in the Peace Creek pool. They 
have pretty well defined the limits of the 
probable producing area. Incidentally, 
drilling at the south end of the pool re- 
vealed that this large pool is but a part 
of the older Zenith pool of Stafford County. 


_ The two pools are now completely joined 


by a continuous row of good producing 
wells. In one of these intermediate pro- 
ducers, a lower producing horizon was 
found, and this may result in the deepen- 
ing of many of the present Viola producers 
at a later date. 

In Russell County, the oil man can 
always count on additional oil supplies. It 
still remains the rich spot of western 
Kansas. The large Trapp pool has now 
produced nearly 50 million barrels, which 
entitles it to rank with the major pools of 
the country. The Hall-Gurney and the 
Gorham pools, which probably will be 
joined in the not distant future, have pro- 
duced almost as much oil, making the 
total for the county very impressive. 
The joining of the Greenvale pool with 
the Hall-Gurney during 1943 was one of the 
outstanding developments and makes the 
latter pool cover a large area. 

Farther east in the state, Saline County 
suddenly jumped into the limelight when 
large wells were drilled in the new Hunter 
pool. A great deal of new exploratory 
drilling was compelled by this develop- 
ment. The results to date are not entirely 
inspiring. Although two other pools were 
found in Saline County, one old pool was 
revived and another new pool was found 
in adjoining Dickinson County, but none 
have the earmarks of major pools or even 
large pools of ‘minor character. No doubt 
much more drilling will be done in Saline 
County during 1944 to test the possibil- 
ities of the area. 

One of the very satisfying developments 
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of the year was the discovery of oil in far- 
distant Sheridan County. There, the Union 
Oil Company of California drilled a deep 
test well into the Arbuckle dolomite and 
later plugged back to good showings in the 
Lansing limestone. Four wells have now 
been drilled in the new Studley pool and 
the production from them has been good. 
This di§covery doubtless will lead to a 
much more hopeful attitude toward the 
vast undrilled acres left in western Kansas. 
In Stafford County, feverish activity 
was encouraged by the very good results 
obtained in extending the Drach pool. This 
pool now covers an area about as large as 
that of the Richardson pool, the largest in 
the county. Consequent upon the renewed 
drilling activity, no less than 11 new oil 
spots were found in Stafford County. 


EXPLORATORY WORK 


More exploratory work was done in 
Kansas during 1943 than in any other 
previous year. The type of work done by 
seismograph involved a larger expenditure 
and was carried out by more companies 
than any other type. According to records 
kept by one company, 14 companies were 
doing seismograph work in Kansas and 
they averaged 1o crew months apiece. The 
cost of this work is estimated to have been 
approximately one million dollars. The 
greatest amount of work of this kind was 
carried on by the Stanolind, Texas Barns- 
dall and Cities Service Oil companies. 

Exploration by means of the core drill 
was carried on by six companies. They 
averaged 18 core-drill months apiece. The 
cost of this campaign to find new struc- 
tures was about one-half million dollars. 
Gravimeter surveys were carried on by 
four companies, which averaged about 6 
crew months apiece. The greatest amount 
of core-drill work was done by the Stano- 
lind, Skelly, and the Continental Oil com- 
panies, while in gravimeter work the 
Stanolind, Phillips, Ohio and Continental 
Oil companies were in the lead. Only one 
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OIL AND GAS FIELDS OF KANSAS DURING 1943 


Taste 5.—Producing Oil and Gas Fields in Kansas in 1943 


3 
2 = Production, Bbl. 7 2 mene To @ 
= Pool and Location ee rye B25 3 ese Top, | § 
2 3 S ig 1943 Cumulative gc < a3 
3 ar Z, Pa B 
Or Poots or Eastern Kansas 
Butler County i 
Lene ee ae 
(950 | 15 
1] Augusta N., 28-27-4E............| 1914 1,280 | 116,000 | 13,675,350 | 63 |) wae” 2'380 | 10 
Arbuckle 2,410 5 
Lansing 1,700 | 12 
i ronson 2,000 | 14 
9) Augusta S., 21-28-4B............ 1916 | 9,000 | 301,000 | 34,393,600 | 144 |) Marmaton =| 2,200) 15 
bbe 2,445 | 12 
uckle 2,600 7 
3| Blankenship, 2-26-8E............ 1921 1,200 69,300 284,000 | 85 | Bartlesville | 2,650 | 50 
4| Brandt, 15-28-7E................| 1936 800 | 158,200 954,500 | 50 | “Chat” 2,692 | 8 
Ope eI bin gi 8-23-4ieas et an eeemee 1918 1,800 | 304,000 74 | Viola | 2;530 | 40 
Admire 600 | 10 
Lancing 1,700 | 20 
ronson 2,000 24 
6| El Dorado, 29-25-5E:........... 1917 | 25,000 | 2,433,000 | 187,291,600 | 1,579 | ) Viola 2,500 | 5 
ora 
rbuckle 2000 6 
7| Ferrell, 28-28-8B.............40. 1939 640 | 52,500 | 231,100 | _10 | Mis. lime 2,047 |. 42 
g| Fox Bush, 25-28-5B. 00.00.00... 1917 | 5,000 | —_142,000 13) [Bertier al ae 
9| Garden, 32-26-6B..00.. 00s... 1928 | 1,600 | _51,000 $1. | Bartleeville 5 oj 200i haae 
10| _ Haverhill, 15-27-5B..............| 1927 900 |" 140,000 | 3,616,250 | 69 | Bartlesville =| 27007 0 
. artlesville ,650 | 50 
i Keighley, 14-27-7B.............. 1925 1,800 62,000 57 {Simpson Lime a 10 
iola 050 3 
12) Kramer, 4-28-6E................ 1926 500 | 40,000 15 { bone ey | 
ucKle | 
13| Leon, 19-27-6B...............-..| 1996 500 | 25,500 | 2,241,000} 19. | f yore Bed Bee 
14, McCullough, 1-28-6B............ 1929 400 | 35,000 456,200 | 7 | Wileox 169 | 6 
‘ nsas City | 2,550 5 
15|  Potwin, 36-24-3E................] 1921 4,000 | 200,000} 6,184,000 | 96 { Bie ber 2660 | 90 
16) Shaffer, 4-27-6B..............0-. 1926 1,000 86,000 26 irae 4 
es “Chat” : 
17 Stern, 27: 7-6E Daim rooe apenas 1928 700 95,400 19 BS 12 
18| Coffey County......000.cccceeeeevees 700 | 17,000 41,000 | 31 |{ Fe, oe 
6 
Cowley County 
fal)” Carson, 19-32-38..........00...- 1924 400 | 58,200 | 3,271,900} 16 | { ayn. be 
20 Darien, 33-30-4B...............- 1939 200 47,350 271,490 5 | Arbuckle i 
ai] David, 35.30-4B. 22.2... cece 1935 | 1,100 | 83,000} —_840,000 | { 79 | Bartlesville +s 
99| ‘Frog Hollow, 20-32-5E........... 1937 900 | 479,000 | 1,581,170 | 48 | Bartlesville 20 
23|  Gueda Springs, 8-34-3E.......... 1936 soo | 21,000] 337,950 | { 9 be epeke = 
daly otibtle, 21-81-41 <A si. alee. 1926 | 2,400 | 792,000 | 4,810,300 | _ 69 | { Stalnaker = 
95| Rainbow Bend, 20-33-3E......... 1923 2,000 | 248,000 | 14,091,650 | 115 | Burgess 50 
D6 lie eR Ook 1530-4 ee tke tee 1923 900} 127,000 | 2,133,980 | 47 Bartlesville 45 
Siate 1652-48 ut et ‘hers 16 
1 aarany 15 
o8|  Wethered, 28-31-3E............. Tee ats oe 
8 1935 1,000 | 106,500 | 2,285,520 |) 5 | Mis lime 25 
47 | Arbuckle 6 
— 15 
. eacoc! 
29| Winfield, 36-32-4B.............. 1914 5,000 95,000 59 | 4 Layton id 
7 Bartlesville 20 
QO) Hie County: a icala ae. ces teiometrne 2,000 250,000 987,000 | 340 fset5— ij 
Greenwood County. .....-......06.00. 3,281,150 172,607,000 2,413 
31] Atyeo-Pixlee, 6-22-10B........... 1923 1,000 | ‘115,000 | 5,020,000 | | 92 | Bartlesville 50 
32|  DeMalorie-Souder, 19-21-10... 1924 4,500 | 294,000 | 9,156,000 | 125 | Bartlesville 
33| Dunaway, 4-22-13B............. 1,000 51000; ° 44 | Bartlesvill 7 
34| Hamilton, 26-23-18 3000 | 106,000 | 3,388,000 | _89 | Bartlesville a 
35| Madison, 1-22-11B......... 3,000 | —142:000 | __ 7,921,000 | 103 | Bartlesvill ae 
36, Quincy, 18-25-14B.. 3,600 | 133,000| 7 108 | Bartlesville os 
37|  Sallyeards, 17-25-98 8,000 | 125,000 130 | Bartlesvill 39 
38|  Seeley-Wick, 22-22-11B..... |... 1922 7,000 | 375,000 319 | Bartlesville : 
30>. Teeter, 86-22-06. ).0.0sccchccs 1922 4,000 | 240,000 194 | Bartlesville 70 


a 


ed 
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79| Hiss, 31-20-13W. . 


q > Production, Bbl. % To f 
Pool and Locati 2° Area, en, Produci 
% and Location 3 ts ae Bs 3 ; dusing Tos, 5 
3 am 1943 Cumulative 35 & : Fs 
— is 
40 Virgil, 18-24-1982. c.  e Bartlesville | 1,550 | 60 
irgi 12E 1916 | 13,000 | 477,000 359 { rg ae eee 
Jefferson County 
41) — McLouth, 4-10-20B.............. 1939 600 | 143,000 | 235,000 | 26 ras ‘cata 
Marion County. ...........0:+-eea+-- 804,500 | 13,250,000 | 183 ji , 
42} Fanska, 6-17-1B................ 1943 40 1,600 ‘600 1 | Mis. lime 2,672 | 11 
43| Hillsboro, 12-19-2E....-.. 1927 300 51,000 | 1,923,450 | 10 | Viola 2,300 | 12 
44) Lost Springs, 22-17-4E........... 1926 2,400 | 662,000 | 5,048,834 | 116 | “Chat” 2365 | 21 
45 So Wee £2. ee eee 8,400 91,000 60 | Viola 
46| Woodson County............-....--.. 9,000 | 218,000 230 | Mis, lime 1,575 | 65 
Om Poots or Barser County 
47| Bear Creek, 30-31-I5W............-. 1942 40 2,550 2,550 1 | Douglas 4,235 
48| Deerhead, 22-32-15W..........-.---- 1942 80 4.450 4,450 2 | Viola 4,950 
49| Lake City, 7-31-13W..............-. 1937 160 33,900 113,400 { bese roe 
50| Medicine Lodge, 13-33-13W.......... | 1937 80 | none 45,700 | 2 | Misener 4,845 
§1| Skinner, 29-31-14W................-- 1943 40 none none 1 | Viola 4,626 
52| Sun City, 35-30-I5W...............- 1941 240 73,250 111,250 6 | Lans. K. C 4'344 
53| ‘Turkey Creek, 20-30-15W..........-. 1943 40 none none 1 | Sand 4,430 
64| Whelan, 32-31-11W.................-| 1984 700 | 190,650 891,350 { leche g 4,355 
Gas Poors oF Barser County . 
Muuions Cv. Fr. ? 
55| Deerhead, 26-32-15W..........--.--- 1942 160 2 | Viola 4,931 
56| Medicine Lodge, 13-33-13W.......... 1927 6,000 13,721 74,821 | 36 | “Chat” 4,455 
Om Poots or Barton County 
BARRELS 
1 | Shawnee 2,925 
57| Ainsworth, 26-16-13W.......-.....-- 1936 5,000 | 561,340 | 3,183,670 P| Tans. K Cc 3,250 
uckle R 
58] Ainsworth SE., 11-17-13W........--- 1943 40 none none 1 | Arbuckle 3,358 
RGL Albert, 30-18-15 W. v.2hnc-s-.0502-< 1935 1,600 | 170,200 968,160 | 16 | Reagan 3/601 
MWasnes BEIRIIW cccp een co ces. =~ 1943 80 5,300 5,300 2 |Lans.K.C.. | 3,042 
BibBalir, S6-IRAGW sc: a5-. cers 2s. - 1943 40 2/850 2,859 1 | Reagan 3,495 
al Parects SUACILW 250 -s---0¢ 022 1943 80 9,350 9,350 2 | Arbuckle 3,463 
7 | Oread 2,885 
S| Beaver, 16-16-12W.-........--.+---- 325,970 | 1,626,700 |} 25 Arbuckle 3,348 
agan 5 
Gil Reaver NW. 6-10-12W.......-.- 2-00 16,500 17,500 { Pal eae Pes a) 
at ee 16,950 251,900 3 | Arbuckle 3,316 
65) Bearer Si iW : he eee 9,250 9,250 1 | Arbuckle 
66| Breford SW., 23-17-11W.. 
RT Bide BOIS IAB, deoe tte .c eae Bes 2/800 12,250 3h Reagan : 3,508 
G8} Bloomer, 36-17-11W.-......---.-.0-8 2,275,100 | 14,094,850 { 943 pean 057 
fice Bo jae 
i EUS Mee Sees 52,320 193,150 2 | Sooy ; 
69| Davidson, 4-16-11W........ { : Arbuckle sd 
70| Eberhardt, 14-19-11W............--- 73,000} 216,450 |{ 7 | A2S rte ail 
Ellin i LIWEE ee 4,650 55,550 1 | Arbuckle 3,328 
Tl evclcgh iat ck Too | 5700) 1 |Booy 3300 
Pal Racterae TS Wecst amet snow 9c oe ; 4 | Arbuckle aes 
al Salted TE AGIIW S520. 020 - vine on 249,400 674,300 18 Booy a eee 
rbuckle i 
Hagan, he 37,800 107,400 4 | Arbuckle 3/393 
6 ee et ee eS 2/200 11,200 1 | Arbuckle 3/348 
Pl Fisteriepns 18 DO1GW ceeteks 3oa = 2<0ee 700 700 1 | Arbuckle 3,498 
. e at 3,000 28,400 1 | Lans. K. C 3,228 
al Hasse LGAG-VA Wi sees oh vec 2 y 
si pg wT See 49,850 387800 | 5 |Lans.K.C.  |3,270 
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BS Production, Bbl. wp ree 
g i HE 5 LO 2 
5 Pool and Location g Area, Ea 3 Producae Top, & 
za 6 Acres Seiigas one Ft. |e); 
2 Be 1943 Cumulative SE a Fai 
ra =) 
1 | Lans. K. C. 3,222 
80| Hoisington, 21-17-13W.............-. 1938 160 28,870 140,900 { 2 | Arbuckle 3,440 
-20- ac 40 300 2,540 1 | Arbuckle 3,378 
81) Kowalsky, 32-20-11W.............. 1941 pil iieends 2885 
, 22 pee Kee ae 
ENTE | We ae ee 1937 17,000 | 4,331,000 | 9,875,500 |4 110 | Gorham ; 
82) Kraft-Prusa, 10-17-11W 9 tend) dehace 3°81 
2 | Reagan 3,310 
Topeka 2,845 
| Shawnee 2,885 
83 KriernS0-t0=1. Waau es sk ae otek eee 1939 Now part of the Kraft Prusa poo] Lans. K.C. | 3,030 
Sooy SS Ry/ 
a 3,330 
84] Lanterman, 15-19-11W...0........<-- 1935 B00 | 120,150} 547,100 |{ 7 |tene eC. | lee 
85] Merten, 10-19-15W.................. 1942 160 11,000 18,250 4 | Reagan 3,551 
86] Millard, 29-16-14W.....2-...,..-..00- 1943 40 none none 1 | Arbuckle 3,462 
87| Mue Tam, 35-20-11W............... 1942 40 6,200 11,050 1 | Arbuckle 3,312 
881) Odin 02117212 Wika ne oe 1941 40 1,200 19,200 1 | Arbuckle 3,340 
89| Pawnee Rock E., 17-20-15W.......... 1941 40 2,300 }~ 11,400 1 | Arbuckle 3,814 
90] Pospishel, 20-17-1I5W...............- 1939 40 1,200 17,800 1 see aie 
9i| Rick stout wie wa) Sle 1936 400 60,300 406,250 { Ree ae 
92] Roesler, 14-18-11W.................. 1943 40 6,200 6,200 1 | Arbuckle 3,291 
3} Silica, 12-20-11W 1931 | 32,000 | 8,890,000 | 53,905,000 | 16 | { hans. KC. | 2,955 
9 MICA UZ ZO=(W' css chain hore ee 2 2, 090, U0, Arbuckle 3,328 
94) Silica NW., 27-19-11W............... 1943 40 none none 1 | Arbuckle 3,331 
Om anp Gas Poots or CrarK County 
95] Morrison (oil), 17-32-21W............ 1936 160 5,423 140,880 2 | Viola 6,467 
96) Morrison (gas) 21-32-21W............ 1926 1,000 none small 1 | Sooy 5,443 
Om anp Gas Poots or Epwarps County 
97| Belpre, 8-25-16W.................... 1942 160 1,400 1,400 2 | Lans. K. C. 3,807 | 5 
M Cv. Fr. 
98] McCarty, 31-25-17W................ 1929 160 30,701 158,000 1 | Sooy 4,545 | 10 
Or anv Gas Poots or Exits County 
F BARRELS 
99| Beeching, 34-15-16W................ 1943 200 8,000 8,000 5 | Lans. K. C. 3,156 | 4 
100) Beeching W., 33-15-16W............. 1943 40 none none 1 | Lans. K. C. 3,292 | 30 
101) Bemis-Shutts, 16-11-17W.............| 1935 13,000 | 5,066,100 | 26,309,100 | 451 | Arbuckle 3,380 | 11 
; 3 | Topeka 3,030 5 
102| Blue Hill, 14-12-16W................ 1937 700 85,000 732,400 |< 14 | Lans. K. C. 3,072 | 33 
2 | Arbuckle 3,360 | 6 
103] Burnett, 1-11-I8W.................. Q 5,000 | 5,531,400 | 14,959,650 i — ne ae 
104| Catherine, 3-13-17W.. 160 6,600 137,650 1 | Lans. K. C. 3,262 | 24 
105] Ellis, 31-12-20W. oo 2 | 700 59,750 59,750 | 15 | Arbuckle 3,832 | 8 
106| Emmeram, 4-13-16W................ 1937 | 160 33,100 138,450 4 | Lans. K. C. 3.262 | 7 
107| Glathart, 16-12-19W.................| 1943 | 40 2,350 2,350 1 | Lans. K. C. 31504 | 10 
te ay eer Se © cat ae Joined to Burnett : 
aller; 10-11-18 Wm. «ia bc akas atx 1936 40 2,740 18,350 1 | Topeka 
110] Herzog, 30-13-16W.................. 1940 160 57,030 152,450 4 re ecne eet 3 
111] High Spot, 28-12-16W.............., 1941 40 1 | Arbuckle 3,620 | 6 
U12| Koblitee 23-12-18 W sonal elses, 1937 800 89,500 306,700 9 | Arbuckle 3,604 | 4 
H13) Kraus, 22-14-10W anon .4cic lle 1936 100 4,700 68,600 2 | Sooy 3.735 | 5 
114] Kraus NW., 17-14-19W..............| 1942 40 1,300 1,300 1 | Gorham 3.798 | 4 
115] Leiker, 14-15-18W........... 0.000. 1943 80 4,950 4,950 { : = x Cc 3,292 | 4 
: rbuckle 
116] Marshall, 36-11-18W................ 1936 1,000 398,050 | —1,298,30 2 
117| Penny Wann, 13-15-20W............. 1936 40 10,070 B28) | 4 Seer UF sens e 
118] Richards, 5-11-18W..............0. 1938 120 8,170 102,400 2 | Lans. K. C. 3,332 | 41 
119] Riverview, 19-11-18................. 1943 250 16,470 16,470 5 | Arbuckle 3.610 | 9 
120] Ruder, 17-15-18W..............0.00- 1935 700 | 40,200 785,300 { 9 jLans. KC. | 3,422 | 18 
121| Solomon, 28-11-19W hee 3,572 | 10 
olomon, 28-11-19W................. 104,600 3 | Arbuckle 3,629 3 
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f TABLE 5.—(Continued) 
Vt 
3 Traded 
$ g > : uction, Bbl. oo To os 
Pool and Location 2 Area, i ee hae re R 
‘ : Ae Hoe) Pua |u| g 
S 8 2S 1943 | Cumulative |E2 = ; SSUES 
ee a zee a= 
__. 122] Sugar Loaf, 17-13-17W......... 1941 80 41,600 66,900 2) A 
; - eee 4 i 2 | Arbuckle 3,645 9 
a ok amie ae ieee Sa SAB ac oe 1941 40 8,470 20,000 . 1 Lans. K. C. 3,312 8 
oe Galante 143 TWiki ewe face te 1935 2 20,82 ‘ ans. K. C, 1298 | 5 
al ce on 187 i 0,820 | 216,800 |) 1 | Arbuckle 3,512) 45 
; ; ES Wie ho. Se sockets 1936 160 15,200 192,350 3 | Arbuckle 3,707 | 7 
‘4 126) Walters, 212-18W. 2... ...2.2.. 1936 | 1,400 | 542,800 | 7 2,469,250 |{ 7 | SoPeRD aie tke 
_ 127) Bemis $., 212-17W. 2... 1938 40 11,400 47,050 1 | Arbuckle 3,592 | 11 
-- 

E Om Poots or Ettsworts County 

; 
| 

ES} 128] Breford, 7-17-10W........:..........} 1982 2 8 |Lans. K.C. | 3,140 | 12 
Fe ce ls ipl 193 1,200 308,050 | 1,848,000 { of | Aue 3°368 | 27 
Be 120) Heiken, 2 17-10 AeA Bn tei 1930 160 1,454 32,900 2 | Arbuckle 3,269 | 2 
— eiken N., A-17-10W...... 4 ee 1942 80 18,975 32,775 2 | Arbuckle 3,212 | 2 
181] Lorraine, 13-17-9W.... 2... | 1934 | 5,500 | 395,200 | 9.136.400 | { 39 | Jane 13:30 a 
— 182! Stoltenberg, 22-16-10W....... | | 1 | Lans. K. C. 
Z = rg 0 oe 1931 8,200 | 2,204,100 | 10,698,900 t ie reas \ 3,333 | 14 
p 133 Stoltenberg SW., 20-16-10W.......... 1940 320 | 27,550 57,600 3 | Arbuckle 3,349 | 7 
. 134) Wilkins, 13-17-10W. =... 5-2... | 1934 3,600 | 865,700 | 3,134,600 | 67 | Arbuckle 3,260 | 20 
7 a Wilkins SE., 32-17-9W............... | 1942 120 53,500 73,500 3 | Arbuckle 3,220 | 9 
A 3 Om. Poot of Finney County ‘ 
Hy | 
4 14 Non Brglotweee toe... 5.0! 1938 800} 27,900 173,500 3 | Mississippi 4,654 | 10 
q Om Pooxs or Granam County 
= §©=. 137 | Gettysburg, 7-8-23W...............- 1941 40 6,110 15,025 1 | Lans. K. C. 3,725 | 30 

138] Morel, 15-9-21W.............--.2.05 1938 4,000 | 547,350 | 1,066,000 | 31 | Arbuckle 3,718 | 12 
_ 139) Penokee, 11-8:24W...--.........-... 1940 40 8,350 37,150 1 | Lans. K. C. 3,750 | 6 
3h 
f Om anv Gas Poots or Harvey County 
a I 
7 140| Burrton NE., 9-23-3W..............: 1943 40 none none 1 ei ol Hee | 

© Chat” 

* 141} Hollow-Nikkel, 30-22-3W...........-- 1931 1,500 | 279,950 | 19,433,700 | 68 { Hunton 3,507 | 5 
_ 3S Simpson 3,500 | 14 
142] Sperling, 23-22-2W...............+-. 1935 500 49,900 441,200 5 | Hunton 3,279 | 16 

445) Stacks; S23-3W .. 6s occ i eees sees sce 1942 40 450, a 450 1 | Mississippi 3,224 | 14 
‘u. Fr. 
144! Sperling (gas), 23-22-2W.........-.-. 1935 600 21,110 6,228,110 2 | “Chat” 2,955 | 50 
ARRELS 
145| Halstead, 36-22-2W...............--- 1929 1,200 76,200 | 1,464,450 | 19 | “Chat” 3,005 | 30 
; Om Poot or Kearny County 
| 
yy 6 Patterson, 23-22-38W...........----- | 1941 120 42,830 83,100 3 | Patterson sand |4,740| 4 
ad Om Poot or Kincman County 
447| Canningham, 30-27-10W............- | 1931 1,400 | 689,750 | 4,135,150 { ee C. sats Ue 
Om Poots or McPuerson County 
148] Bitikofer, 1-20-IW......-...----->++ 1940 180 31,830 52,900 5 | “Chat” 2,885 | 24 
149| Bornholdt, 30-20-5W............---- 1937 5,000 | 1,750,000 | 6,132,100 | 145 | “Chat” 3,292 | 43 
150| Canton N., 26-181W.........-..-...- 1936 120 19,450 102,300 8 Ome " 2,308 29 
151] Chindberg, 18-19-2W.........0.-.-++ 1929 zoo | 50,850 | 1,440,450 |{ 95 | Ghes” —[s'o07 | 14 
152| Crowther, 26-17-1W..........--+---- 1942 900 192,900 197,150 16 iChat” 2,778 12 
153] Graber, 32-21-1W......--.200.-002++ 1934 | 2,800 | 602,200 | 7,545,250 { 136 Haass : 24 


os) 
aS 
le) 
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OIL AND GAS FIELDS OF KANSAS DURING 1943 


2 2 P Production, Bbl. F 2 Site. To q 
i Pool and Location E ts ee 2 43 ene ars 5 : 
2 38 1943 | Cumulati é faz 
3 te umulative see Ae 
154| Henne; 2117-1 W Ak Wad ee ee 1940 800 | 263,250 421,900 | 20 | “Chat” 2,658 | 4 
155| Johnsons 35-19-3Was.ch ices sosecee 1932 1,200 88,250 | 2,806,500 | | 14 “Chat” 3,032 M4 
156| Lindsborg, 8-17-3W........000.00000 1938 | 6,500} 903,469 | 1,177,200 |{ $5 | go, 3,360 | 11 
157| McPherson, 29-18-2W............... 1926} 2,000) 43,710 | 1,017,230 | 23. | { yh eh we 
(5 8| ‘Padensl0=19-1 Wi saanga tar ome gee 1943 160 2,620 2,620| 4 | “Chat” 2752 | 18 
Lans. K C 2,360 oH 
1k0| Rits- Canton, 1-21-0W 9. ...0..)-a-k i929 | 13,000 | 954,000 | 37,011,400 | 224 | 4 ,Chat ine 
Simpson 3,440 4 
160] Roxbury, 18-17-1W 2,500 | 456,900 | 1,387,680 | 37 | “Chat” 2684) 5 
161| Roxbury S., 30-17-1W..... 160 74,550 83,570 | 4 | “Chat” 2658 | 7 
162| Roxbury SE., 20-17-1W.............. 1943 40 1.790 1.790 1 | “Chat” 2665 | 9 
cee 
10: ’ 
163 |ViGahelinge21°3 Wee ese aie se ae eee 1929 3,500 | 639,000 | 24,704,000 | 90 |) G9 3329 | 3 
Arbuckle 3,394 10 
Oit Poot or Ness County 
164] Aldrich, 7-18-25W.............0e+s- 1929 4,000 | 143,350 653,000 | 13 | Mis. lime 4,428 | 2 
1 
Om Poo. or Norton County 
deat Howth, 114-21 Wee oe eee ee 1941 80 9,360 20,230} 2 [Laas K.C 3,404| 3 
Or Poots oF PAwNEE CouNTY 
166| Pawnee Rock, 13-20-16W............ 1936 2,400 | 361,100 977,700 | 24 | Arbuckle 3,825 | 16 
167| Zook, 16-23-16W....<-cc:-.:s0.0/ 2. 1941 80 : i 2 | Arbuckle 4066 | 8 
Or Poots or Putniips County 
168| Bow Creek, 25-5-18W..............-. 1939 40 3,950 26,180 1|Lans.K.C. [3,111] 53 
169] Dayton, 36-2-19W....... Sas. 1941 1,200 | 220,880 357.650 | 22|Lans.K.C. |3/430| 8 
170| Dayton N., 13-2-19W................ 1943 200 : 17,800 | | 5 | Lans. K. c. 3,406 | 16 
a “e Lans. K. C. 300 | 12 
74) Hansen 148 20Wor Ne: «Shc oe 1943 360 27,500 27,500 { : Arbuckle 2 
172 Ray a5 20.7 eee eee oa ae 1 9 | Arbuckle 3,575 | 5 
ay 940 3,000 | 1,139,725 | 2,083,950 { elas ete 
Om Poots or Pratr County 
173) Cairo; 7-281 Wices acc vesss- sent 1939 160 13,900 76,350 | 3 | Viola 4,267 | 16 
174] Carmi, 29-26-12W............0..0.02 1942 3,000 | 537,900 537,900 { asl eee. \ 4o71| 4 
175] Chitwood, 23-28-12W................ 1943 360 14,800 14,800 7 | Simpson 4,396 | 3 
176| Frisbie, 5-26-13W................... 1943 120 18,650 18,650 | 3 | Lans. K. C 3947 | 8 
197] Takao tt-O7 AGW Bos osksaesesed 1937 2,000 } 627,700 849,500 { - Feats eeHtib 
uckle i 
17a) Mork, 18-26-41 Wea s2 kone, 1941 500 81,000, 81,000 | 12 | Viola 4121 | 2 
179| Cairo (gas), 7-28-11W...........0..0 1935 | 20,000 | 494,135 | 41,500,000 | 35 | Viola 4,278 | 8 
* Om anv Gas Pooxs or Reno County 
180| Abbyville, 24-24-8W...... 1927 1,200 23 soo a 
SEA DLEW. tote ct oer : ; 481,160 | 9 | Lans. K.C 3,540 
181| Buhler, 25-225W................... 1938 500 56,050 450,100 | 8 | Simpson 3,897 3 
182] Burton, 23-23-4W......0...0. eee 1931 | 5,000 | 1,782,550 | 36,013,200 | 396 | { chat” pei 
183| Hilger, 16-26-4W.......0...c0cceees 1934 6 tenn : 
184| Hilger N., 34-25-4W................. 1943 950 se 000 mat % Vie ao | 8 
185| Lerado, 11-26-9W................... 1935 1,800 35,950 | 2,524'860 | 26 | Viola 198 | a 
186] Morton, 17-24-8W................... 1942 40 5,200 "10,400 1 | Lans. K. C 3189 2 
187| Peace Creek, 21-23-10W............. 1941 | 12,000 | 3,672,100 | 4,636,700 | 139 | Viola  ~=—*|3'773 | 3 
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he 
4 Production, Bbl. ~ : 
= E Ar “| ae a 
z, Pool and Location S. 7 2a) as roducing Top, | § 
- 38 tt ee 1043 | Cumulative (SS 5 ae Mt. | 3 
- 3 a> e | SEs m 
- « A a = 
188} Yoder, 34-24-5W.......--.0sce-00e0s 1935 500 3,500 80,825 | 5 | “Chat” 3,450. | 51 
Z Mutuions Cu. Fr. 
 * 6,441 56,448 
189] Burrton (gas), 23-23-4W............. 1930 5,000 487 52 | “Chat” 3,298 |. 70 
f 190| Yoder (gas), 34-24-5W............... 1936 800 4 | “Chat” 3/402 | 50 
’ 
Z Om anv Gas Poots or Rice County 
-* j 
: rere Lans. K 3,032 | 10 
191} Bowman, 21-19-10W..............--- 1936 250 60,421 138,350 { Oech ae ene be 
192) Brandenstein, 10-19-10W. 1933 160 20,400 410,400 | 2|Lans.K.C. [3,014 | 12 
- 193] Bredfeldt W., 12-18-10W... “| 1939 80 3,200 34,000 | | 2 | Arbuckle, | 3,260 E 
Me 104! Chase, 32-19-0W..................-. 1931 8,000 | 7,496,300 | 33,653,700 | 388 pe EE Area i te 
Meee 808) Chik 318-7 W oo ccn ccc wns ces sce ease 1943 40 none none 1 | Misener 3,182 5 
SP 196| Doran, 13-19-10W...............--- 1936 300 55,770 298,995 | 7 | Arbuckle 3,291 | 20 
@ 197| Edwards, 3-183W.................-. 1936 2,600 | 1,068,100 | 5,041,725 | 88 | Arbuckle 3.278 | 5 
Me 198] Geneseo, 25-18-8W.............2..-- 1934 5,600 | 2,803,400 | 12,594,025 | 195 | Arbuckle 132 | 14 
#190] Haferman, 6-19-0W........-..-..--- 1936 800 88,140 665,460 { art eee Cetewieey: 
200| Heing, 8-18-10W...............22 0 1938 80 8,825 60,330 ft | Kam eo [354 | ta 
Mia| Karber, 7-19-10W..........<....- ++: 1940 120 31,860 79,050 | 3 | Arbuckle 3'343 | 7 
@  -202| Keller, 3-19-9W..............000000 1943 40 4.050 4,050 | 1 | Sooy 3240 | 3 
Se 203| Lyons, 14-20-8W...............-.+-- 1939 40 650 11,550 | 1 | Simpson 3974 | 4 
a wnee 
By 204| Orth, 27-18-10W.......-.-.--.----+- 1932 1,000 | 142,160 | 1,033,000 { 1|Lans.K.C.  |2,915| 21 
: 100 8 hae 3381 3 
Venta ae) el oe ee oe 1942 40 12,640 16, uckle ; 
- 208 Pee 3318 OW fat wet oh a 1930 500 52.160 | 1,365,200 | 9 | Arbuckle 3/952 | 19 
Me © 207| Ponce, 28-21-7W.............-.-+--> 1936 40 3,300 36.275 | __1 | Sooy 3/388 | 40 
.- . 24 | Lang. KC) 3,130 |) 10 
Se 208| Raymond, 21-20-10W...............- 1929 1,200 | 772,330) 7,775,100 |} 35 | Arbuckle ay | 2 
H ikgrd 27-18-0W:s oc. :--s---- = 160 15,640 101,300 | 4 | Arbuckle 3/304 | 41 
20 ee 36-19-6W... 1,000 | 271,750 404.300 | 23 | “Chat 3/339 | 25 
- 241] Volkland, 27-18-9W. 6,775 6,775 | _5 | Arbuckle 3,221 | 30 
212] Welch, 2-21-6W...... 1,500 73,700 | 4,441,850 | 22 | ‘*Chat”” 3370 | 44 
= -213| Welch E., 1-21-6W.............----- 80 3,120 9.950 | 2 | “Chat 3341 | 5 
214| Welch N., 23-20-6W.............-.-- 160 6,100 57,100 | 3 | “Chat” 3'334 | 32 
} 215] Wenke, 7-20-10W.........-.--..---- 500 | 125,900 600,900 | 11 | Arbuckle 3/360 | 13 
Z 216| Wenke W., 18-20-10W..............- 1938 80 19,465 81385 | 2 | Arbuckle 3,992 | 5 
217} Wherry, 11-21-7W......+..-2------ 1933 7,200 | 431,000 | 8,947,450 | 131 | Sooy 3/358 | 22 
y me Muions Cv. Fr. ae aaa : 
impson 
315) Lyons (gas), 35-10-8W............5-- 1888 1,500 399 11,395 { 11 | Arbuckle arr 10 
© 219} Orth (gas), 27-18-10W..........--.-+- 1933 640 539 3 | Lans. K. C. 5 
“4 390 wees RNa i ee 1937 400 2,116 10,336 | 7 | Misener 3317 | 10 
a Om Poots or Rooxs County 
4 BARRELS 
| 3,057 | 15 
RRO W dee tree 9s ted 1941 40 2,430 4,880 | 1 | Lans. K.C, 
e 302 a uw 1941 700 | 104,200 104,200 | | 12 Arbuckle 3435) 7 
993] Depita, 31-8-17W 500 | 63,200 | 284,550 { § | Arbol S400 | 10 
160 21,000 24,275 | 3 | Lans. K. C. ‘ 
os al 40 9,200 19790 | 1|Lans.K.C. 3,136] 40 
296 Faubion, 12-6-18W 80 2175 46380| 1/|Lans. K.C. |3,128| 22 
-_-997| Kriley, 22-8-18W 40 1,130 si39 1 Arbuckle | 3.310 | 45 
zo Kruse, 40 i, 5 ans. K. C. i 
4 aol aton sei 1300} 410/000 | 2,136,300 | 87 |Lans.K.C. | 3,228] 33 
 230| Marestte, 15-10-20W 40 | none none 1 | Arbuckle 3,752 | 0 
40 none none ’ 
meee age 40 | 10,400 18,775 | 1 | Reagan 3,600 | 6 
ma ral pe a 80 96400; 1/|Lans.K.C. |3,180| 62 
= eee 40 56,369 1 | Arbucale 3434 | 1 
234| Webster, 21-8- GWices dracns< tase ‘ te nee te 3 oat it 
Westhusin, 11-9-17W 700 | 143,000 667,700 : 
Me eal reg 26 KIOW ns... locecccees 200 12,600 141,050 | 3 |Lans.K.C. |3,340] 9 
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TABLE 5.—(Continued) 


4 = Production, Bbl. a To | & 

2 ss ra 

=) Pool and Location 2 Area, Za | Erylaces Top, | § 
ey, 85 Acres Ae a3 Ft. | 725 

o J 
z el 1943 umulative Zee am 
Om anv Gas Poots or Rusa County 
237 Otis; 10-18-16 Wis knctsassaice ae eine 1934 1,200 326,100 2,232,775 24 | Reagan 3,527 9 
238) Winget, ip-16-16 Wi nem eeen Enc 1936 | ~ 120 ici 6 20206 1 | Lans. K. C. 3,243 | 4 
ILLION Cu. Fr. 
239) Otis_(gas), 11-18-16W.............+% 1930 15,000 13,340 87,530 57 | Reagan 3,507 2 
Om Poots or Russet, County 
ee 7|Lans.K.C. 3,008 | -47 
240) Atherton, 30-13-14W...............2 1935 1,900 179,850 | 1,461,275 / os latecdee 3084 | 5 
{ 4 rete (64 ee 4 
i OLS LOW icc casera 193 2,600 437,000 3,993,350 40 orham " 
241) Big Creek, 36-14-15W...... 935 a Arbuckle sn 5 
7 . - ’ 
242) Big Creek E., 31-14-14W.............| 1938 700 91,800 392,820 { 4.| Aa 3149 | 4 
243) Boxbe BOL S-1b Wie ans desaeree toe 1935 160 11,000 165,750 |- 3 | Lans. K. C. 3,147 4 
244 Bunker Hill, 31-13-12 Wie eee ee 1935 200 1,000 74,825 3 | Lans. K. C. 2,965 16 
245) Chegwidden, 29-15-11W..............| 1948 40 none “ none 1 | Lans. K. C. 2,998 9 
246) Donovan, 10-15-15W................ 1935 200 22,800 105,600 4 | Lans. K. C 3,193 7 
247) Driscoll, 30-15-11W..................| 1940 160 7,700 31,775 3 oe at : 
248] Dubuque, 34-15-12W............-.-. 1935 300 | - 52,700 | 283,800 |{ 3 | Lans. K- ©. ees 
249) Hichman, 24-15-14W................ 1935 800 16,000 695,100 7 | Arbuckle 3,316 10 
250) Fairfield, 22-15-13W.....-.......... 1938 40 2,500 12,650 1 Geer: C Se iB 
251) Fairport; 8-12-15 Wissec enna. ees. 1923 3,600 636,100 16,265,200 143 { rrpeten a 3.911 5 
252) Forest Hill, 29-15-12W............... 1941 800 97,000 155,400 16 | Arbuckle 3,320 3 
253] Gideon, 8-15-14W..................- 1930 40 2,400 44,800 1 | Sooy. 3,266 7 
1 | Tarkio 2,525 25 
Topeka 2,765 15 
254)\Gorham) 5-14-15W............4--- 02 1926 8,500 1,558,200 | 24,718,875 125 | Lans. K. C 3,027 30 
11 | Arbuckle 3,289 4 
160 | Reagan 3,299 1 
255| Gustafson, 14-15-12W............ 1941 160} 19,520 3.000 |{ 7 | eee Olsen 
256| Gustafson NW., 15-15-12W...........| 1943 160 15,000 15,000 | bret ome mre Co. 
1 | Wabaunsee 
4 | Topeka 2,675 12 
406 | Lans. K, C 2,985 15 
257| Hall-Gurney, 30-14-13W............. 1931 25,000 | 4,472,300 18,963,950 24 | Gorham 3,165 4 
79 | Arbuckle 3,451 3 
18 n 3,129 | 
2 | Pre Camb. 3,156 25 
208) Janne. 24-15-12 Wiese eee 1943 40 none none 1 | Arbuckle 3,319 10 
209 Jerry, 4-10-14 Wi ks ee eae cee 1942 40 10,600 10,600 1 | Lans. K. C. 2,985 20 
260) Lewis, 28-14-12W................00- 1940 40 1,600 10,283 1 | Wabaunsee 2,317 12 
261) Mahoney, 8-14-12W................. 1940 120 4,700 36,380 3 | Lans. K. C. 2,977 3 
262)Mohl, 18-14-13, Wi. 2c ce eecuteien 1941 40 1,900 5,520 1 ——_ : 3,253 5 
2 | Lans. K. C. 3,071 12 
263] Rusch, 29-14-14W................... 1941 250 74,500 168,800 { 5 Arbuckle 3,216 8 
Res 3,195 9 
264) Russell, 22-13-14W.................- 1934 1,200 382,800 5,619,300 { Asal AGtaekle 3/280 6 
265] Russell N., 15-13-14W............... 1942 40 10,660 13,780 1 | Lans. K. C. 2,978 | 30 
1 | Shawnee 
266) Sellens, 26-15-I3W.................. 1929 1,300 198,900 2,959,475 { 15 | Lans. K. 3,088 9 
: 15 | Arbuckle 3,352 | 13 
267) Steinert, 21-15-15W.....3........... 1936 40 1 | Lans. K. C. 3,060 36 
268] Strecker, 21-15-14W................. 1943 40 5,050 5,050 1 | Arbuckle 3,342 3 
4 whee 2,889 7 
269)Trapp, 23-15-14W.,.,...+.00c.+ecees 1939 32,000 | 10,895,350 | 46,116,275 187 | Lans. K. C. 3,062 2 
762 | Arbuckle 3,252 3 
26 | Lans. K. C. 3, 30 
270| Vaughn, 17-14-14W................. 1937 1,100 344,900 1,164,725 1 | Gorham 3,282 7 
: oe 3,341 5 
271) Willi -14- 9 ‘arkio 2,522 | 28 
71) Williamson, 9-14-14W ................ 1936 1,200 166,500 233,170 { 29 | Lans. K.C. 31009 | 22 
ee! eee a 
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TABLE 5.—(Continued) 


hb 
4 > Production, Bbl. » 7% Z 
z, Pool and Location 5 , ze 3.3 Producing Top, E 
5 2 1943 | Cumulative gS 2% Bi. | os 
a . z ton oe 
Ott Poots or Sartne County 
272) Hunter, 20-16-1W...............0... 1943 2 9 “Chat”? 
273| Olsson, 10-16-3W.................... 1929 eta "$50 2090 | siseetoe | 3308/12 
Dial Plings 0216-1 Wiz occas Ack. sos ods 1943 40 4,1 ' : 
ny, 150 4,150 1 | Lans. K. C. 1,989 9 
ai Ol Salina, BP-14-DW ee. sc ac cece dues | 1943 40 7,100 ’ 7,100 1 | Maquoketa 3,223 9 
Om Poot or Scorr County 
] | 
276) Shallow Water, 15-20-33W........... | 1934 | 600 274,050 1,426,625 9 | Mis. lime | 4,670 16 
Om Poots or Sspewick County 
ec) Gros, 20-25-LW oe ca ccc cca ue 1929 160 4,500 55,900 2 over C. 2,690 aH 
“Chat” 2,956 1 
278) Eastborough, 19-27-2E............... 1929 1,000 130,000 8,338,700 39 { Vi An as 3,238 4 
ns. Ai) 
279) Goodrich, 16-25-1E.................. 1928 640 272,266 3,469,625 31 {chai 3,010 10 
Liters eee : 
“Chat” 2885 
280| Greenwich, 14-26-2E.................} 1929 700 190,000 9,715,690 41 {vit eee 3 
jimpson 1350 
281} Kuske, 24-25-1B.................... 40 2,200 143,680 1 | Sooy 3,013 2 
282) Robbins, 20-28-1E 420 73,650 3,114,450 50 ar lime 3.090 u 
: / isener ; 
283| Valley Center, 1-28-1W.............. ) 1928 1,500 | 274,950 | 20,820,000 65 {Wien 3/366 2 
Om Poo. or SHERIDAN County 
284! Studley, 23-8-26W..................- 1943 | 160 30,090 30,090 4 | Lans. K. C, 3,808 9 
t 
Om Poots or Starrorp County 
286) Abnert, 26-22-13 Wo .éinss cesesceedss 40 1,300 15,700 1 | Arbuckle 3,784 4 
286) Bedford, 21-23-12W................. / 850 229,700 704,675 21 | Arbuckle 3,859 9 
erp Dyrist, 421-12 W oo. oe een cee en ess / 40 2,000 2,000 1 | Arbuckle 3,460 3 
ees) Cate Cee W oc cose s to awe es 80 32,900 36,100 2 | Arbuckle 3,693 7 
BEG) Vrach, 13-22-13 W occ co win se ore vis oie 2,200 314,160 728,660 38 | Arbuckle 3,693 12 
290| Farmington, 34-24-15W.............. 160 24,375 24,375 4 | Arbuckle 4,417 16 
291} Fischer, 31-21-12W ............---.--- 120 73,400 174,250 3 | Arbuckle 3,641 i 
BGO) Gates) B7-i-ISW bias ese ee esee 700 135,150 947,000 13 | Arbuckle 3,679 39 
SOS) Gates Hig G-Os-1OW «2. cece cece ce rece 40 435 435 1 | Arbuckle 3,704 7 
294] Grunder, 11-25-15W.............---- 3,550 3,550 1 | Lans. K. 3,945 15 
206) Hasel, 21-21-13 We cnn iw we oe eae 160 44,300 59,050 4 | Arbuckle 3,692 9 
206] Heyen, 24-22-12W....... 2. es 40 none none 1 | Arbuckle 3,652 2 
997i James, 18-21-12 W .° |. osc pce eenccaes 40 none none 1 | Arbuckle 3,554 9 
998| Jordan, 15-25-14W...............-- 260 68,050 428,460 7 | Lans. K. C. 3,722 5 
BOO! Winn 27-25-14 W occ ecto ce wc esi ge ss 300 99,450 326,425 11 | Lans. K. C. 3,827 79 
300 Leesburgh, CTS 9) Be See oe 600 437,600 1,013,950 16 | Arbuckle 4,153 10 
301| Macksville, 3-24-15W............---- 80 3,000 29,430 2 — i et +H 
302| Max, 35-21-12W.......00022-000-0++ 500 | 149,100 | 399,060 |{ § | apse i sso é 
lesnak we 40 9,290 51,550 1 | Lans. K. C. 4 
304 Rettleenate Oa. et ae 1,200 | 724,100} 5,781,200 | 59 | Arbuckle 3,537 | 62 
Rls | Riley 8-28-11 Wi o-oo. ves once ee 120 13,850 38,250 | 3 | Lans. K. C 3,323 | 5 
306| Rothgarn, 10-21-13W................ 120 12,670 12,670 | | 3 | Arbuckle | 3,569 | 19 
ans. K, C. H 
307| Shaeffer, 3-12-13W-.......2---000-+! 300 | 52,500 | 176,714 |{ § | Rape. rg 
1,546,100 15 | Lans. K. C. 3,588 | 32 
SASL St. John, 20-24-13 Wee ved seceese 1,200 281,200 ,046, 19 Arbuckle 4,075 2 
ns. K. i 
309) Sittner, 33-21-12W .....-.-.------+-- 800 61,200 461,150 9 | Arbuckle H 6 
TOM Mitther Guy, Ocala W on sia se - Sec eee 650 3,100 778,550 ue plage ee a 
: 249,800 |4 1 | Simpson 3362 | 6 
S71) Snider; 3-21-11W 22. ..-.02- 0+ - ~~~: 320 27,600 i 4 re 9 ‘ 18 
i 321,725 8 | Simpson i 
312] Snider S., 16-211W. 2.2.2.2... 360 08,775 Us ee eae ie 
313| Spangenberg, 21-22- 3 20 | Viola 3,836 | 14 
314] Stafford, '15-24-12W........-.....--- 600 501,420 1,106,300 { f WeAtbnckle 3.945 | 10 
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ee 
& Production, Bbl. =) To : 
g F z % 8! Producing T g 
& Pool and Location 5 6 pass = ee 22 3 one Mg a. 
o o 
a Bm 9 umulative Zea Fatal 
14 
315) Syms, 20-21-41 ZW areccnjetaicstelste svete steiaye 1943 40 none none 1 | Arbuckle 3,580 
316 Van Liew, 20-24-13 Wi os. cceece en tals 1943 120 41,050 41,050 3 veh pai ae an 
317| Zenith, 23-24-11W........0..sse0eee 1937 | 5,600 | 3,790,900 | 14,137,150 | 352 | { uc 3'360 | 5 
318] Zenith W., 8-24-11W..............5- 1943 40 6,760 6,760 1 | Viola 3,798 5 
Huaoron Gas Poot or Stevens County 
M Cu. Fr. 
eat Winfeld | 2,755 | 19 
pee Wess eticasiisine wenn ei 1922 | 2,000,000 63,354 362,000 340 {R. Riley s 
319} Hugoton, 3-35-34W..... Pikone 2'850 | 10 
Om anv Gas Poots or Sumner County 
BARRELS 
320] Anness, 2-30-4E.......00.seccsec ees 1937 40 13,250 67,100 1 | Simpson 4,394 7 
321] Caldwell, 17-35-3W.. 1929 200 £3,800 1,134,500 4 | Simpson 4,765 19 
322) Churchill, 25-31-2E.. 1926 1,000 116,200 arg pcg oe a 
323) Latta,9-30-2W: -caccs en aesseceece-<-) 1927 400 85,000 9,800 ns. y 
air Stalnaker 2,020 | 16 
324) Oxford, 25-32-26... cc... cece cece ee 1927 800 175,800 14,866,500 43 Layton 2,510 20 
Arbuckle 2,890 5 
325] Oxford W., 17-32-2E 160 11,850 524,725 | 3 | Arbuckle 
326] Padgett, 23-34-2E...... 1,800 75,000 2,076,000 20 | Mis. lime 3,474 . 
327| Rainbow Bend W., 24-33-2B.......... 1926 160} 10,000) 420,800 |{ | Rarbane 2 
328) Rutter, 21-33-2E...... ee 80 7,200 74,700 2 | Mis. lime 3,315 27 
329] Vernon N., 15-35-2E. ae 500 11 | Mis. lime 3,443 22 
330] Wellington, 33-31-1W 1,200 206,600 5,264,350 96 “Chat” 3,655 ll 
CRM Ador ey ESSE (22 eeoe wadonoseoner 80 6,300 32,600 1 | Simpson 3,866 3 
TxHousanp Cv. Fr. 
332] Wellington (gas), 33-31-1W........... 1929 1,200 310,125 45 | “Chat” 3,655 12 
Ort Poots or TreGo County 
BARRELS 
333] Wakeeney, 14-11-23W............... 1934 640 42,000 513,220 6 | Lans. K. C. 3,619 8 


magnetometer party was in the field during 
the year. It was operated by the Stanolind 
Oil Co. for a total of nine crew months. 
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Oil and Gas Development in Kentucky during 1943 


By LovutsE BARTON FREEMAN* AND COLEMAN D. HUNTERT 


THE total production of oil in Kentucky 
during the year 1943 reached 7,010,776 
bbl., which is more than at any time since 
1930. Of this total, 5,287,659 bbl. was 
produced from the counties west of the 
Cincinnati arch, 692,359 bbl. from the 
18 new pools opened during the year, 
and 3,260,765 from the Smith Mills pool, 
which was discovered in August of 1942. 
This is an important increase in western 
Kentucky in spite of the low price of 
crude, and demonstrates effectively the 
desire of the industry to cooperate in 
meeting the increased demands made by 
the war. 


WESTERN KENTUCKY 


Two deep tests were drilled in the 
Kentucky portion of the Mississippi 
Embayment this year. Both were drilled 
to test the St. Peter. One well, drilled in 
Marshall County by the Adams Oil and 
Gas Co., did not encounter any St. Peter 
sandstone but drilled 650 ft. of formation 


below the position of the St. Peter and 


above the true Knox dolomite. The other 
well, in Ballard County, was reported to 
have tested the St. Peter and to have been 
temporarily abandoned at 3069 ft. At this 
depth the well probably was stopped in 
about the same formation as the Marshall 
County well. No accurate information is 
available on the Ballard County well. 
Several new producing areas were added 


Manuscript received at the office of the 
Institute Feb. 23, 1944. é 

* Geologist, State Department of Mines and 
Minerals, Lexington, Kentucky. 

+ Chief, Department of Geology and Re- 
search, Kentucky West Virginia Gas Company, 
Ashland, Kentucky. 


to the list of fields in the western Kentucky 
coal basin, in Daviess, Henderson, McLean, 
Ohio, Union and Webster Counties. The 
Smith Mills pool was enlarged and pro- 
duction was found in the McClosky 
(Ste. Genevieve) in addition to the Cypress 
sandstone from which much of the earlier 
production had been obtained. 

There was some interest during the year 
in testing the Devonian and_ Silurian 
formations in the area south and east of 
the western Kentucky coal basin. In the 
fall of 1943, a 15 to 20-bbl. well was drilled 
in Allen County and two more wells are 
now being drilled. The production was 
obtained from within a few feet of the 
base of the Chattanooga black shale, 
probably in the upper Silurian. 

One well in Simpson County was drilled 
completely through the Silurian section 
before it was abandoned. Several wells were 
drilled in Logan, Todd and Christian 
Counties to test the Devonian where it is 
thinned by removal of the upper forma- 
tions before deposition of the Chattanooga 
shale. None of these wells was successful 
but several other locations are now being 
tested. The Silurian thins in like manner 
on the eastern flank of the coal basin as 
the crest of the Cincinnati arch is ap- 
proached, and it is along this thinning edge 
that such fields as the LeGrande, Logsdon 
Valley, Magnolia, Bowling Green and the 
Barren County pools were developed. A 
number of wells were drilled around these 
old pools in an effort to extend them, some 
of which were successful. The wells listed 
this year in Larue, Hardin, Barren, Hart 
and Warren Counties were drilled in the 
search for other such fields. 


353 


354 OIL AND GAS DEVELOPMENT IN KENTUCKY DURING 1943 


TABLE 1.—Oil and Gas Production in Kentucky 


il Producti : Gas Production, Number of Oil 
ane Bbc Millions Cu. Ft.e | and/or Gas Wells* 
> = vem 
2 Area 3 
B County S |Proved, F £3 
3 Z Acres? | To End During | To End | During 3 = 3 3 
5 a of 1943 | 1948 | of 1943 | 1943 |Ss] = | 8 
Z ° ig eet i= =| 
: & ga] g g 
yy s om S) 2 
| > She |[ ei Pee 
1 8 6,353,471, 63,772 z| 4 2 
2 none none Ted 
3 2,728,585 18,331 z| 10 : 
4 460 1,121 = 1 
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TABLE 1.—(Continued) 
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In the spring of 1943 a lease play was 
started in a wide strip extending northwest 
from Bowling Green through northern 
Warren County, Butler and Ohio Counties. 
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the year, mainly by independent operators, 
in southern Kentucky, in the saddle 
between the Jessamine and Nashville 
domes on the Cincinnati arch. A number 
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The play was started by the Carter Oil Co., 
but other companies and independent 
operators moved in immediately. However, 
none of this territory has thus far been 
tested and no clue as to what started the 
excitement has been released. This strip 
is roughly along the strike of , thinning 
Devonian but the thinning in this instance 
is due to overlap of younger formations 
rather than to the removal of younger 
formations by erosion. A few wells have 
been drilled in Butler County in the south 
end of the area in question by individual 
operators who found some shallow produc- 
tion in the Chester. 

Another lease play was started in a 
strip about five miles wide along the Ohio 
River Valley from Daviess to Breckinridge 
Counties. 


SOUTHERN KENTUCKY 


There was considerable activity during 


of wells were drilled in Cumberland, 
Clinton, Russell and Wayne Counties. 
The wells in Wayne County were drilled 
for the purpose of repressuring production 
from the “‘Beaver sand,” which is a local 
development of limestone just above the 
Chattanooga black shale. The wells in 
Clinton and Cumberland Counties were 
drilled to test the Ordovician “pays” 
variously known as Upper and Lower 
Sunnybrook and Granville. One well in 
Clinton County was drilled to the “Beech 
Bottom,” which is a porous zone in the 
upper portion of the Knox dolomite. This 
gave small production in an area from 
which a little oil was produced years ago. 


EASTERN KENTUCKY 


In the summer of 1943 the Gulf Oil Co., 
with something like 70,000 acres under 
lease in Rowan and southern Lewis 
Counties, drilled 13 wells for the purpose 
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of testing the so-called ‘‘Corniferous” 
(Niagaran dolomites and dolomitic sand- 
stones) in a position on the Cincinnati arch 
similar to that occupied by the Big Sinking 
pool to the south. No oil was found other 
than showings in most of the wells. 
Several were drilled through the Brassfield 
to see whether or not this formation, which 
often is saturated at the outcrop, might 
produce downdip. The percentage of sand 


~ to dolomite and the thickness of the forma- 
tion varied very little in the entire area 


tested. 

The redevelopment of the old Mariba- 
Denniston and Ragland oil fields of 
Menifee County, which was started in 
1942, became important in August of 1943 
when production was increased from 75 bbl. 


to 1500 bbl. per month. This is heavy 
black oil, good only for Diesel and fuel oils. 
War conditions have made it profitable for 
the refineries to handle such oil. Probably 
there will be an increase in production 
from this area during 1944, as the limits 
of the field are not yet known. 

When the deep Knox test was drilled 
in Elliott County on the Burkes dome, a 
zone capable of producing 21¢ bbl. of oil 
was encountered in the Weir sand. The 
drillers acquired this well and drilled 
another to the Weir about too ft. from it. 
They shot this well, which usually is the 
key to Weir production, and it is now pro- 
ducing naturally 25 to 30 bbl. per day. 
Four other wells and two dry holes have 
been drilled since. The four producing 


TABLE 2.—Summary of Drilling Operations in Western Kentucky in 1943 
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wells are now making 8 to 15 bbl. per day. 
During the next year, undoubtedly there 
will be an extensive development program 
because in the last five or six months more 
than 80 per cent of the acreage available 
has been acquired by minor and major 
operators. This area is on the same Paint 
Creek uplift on which are located the 
Magoffin and Johnson Counties fields that 
have produced oil since 1918. It has yet 
to be proved whether the fault to the north, 
which has 62 ft. of displacement, will have 
any effect upon production. Many oper- 
ators think production will be encountered 
on the north side of the fault as well as 
on the downthrown side. However, no 
wells have yet been drilled north of the 
fault. 

In Jackson County, the area downdip 
from the gas field is being tested for oil 
and is being watched with great interest. 
At the end of 10943 five wells had been 
drilled, three of them oil wells-capable of 
producing 50 to 75 bbl. per day. This 
production is obtained from the thinning 
Niagaran dolomites (‘‘Corniferous”’). The 
area is being further developed and it is 
probable that Jackson County and Elliott 
County will be outstanding for new oil 
plays in eastern Kentucky next year. 

Of the 3250 wells that have been drilled 
in the Big Sandy gas field, only 346 were 
dry holes. This does not include the Weir 
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and Corniferous production of Johnson, 
Magoffin, Morgan, Breathitt, Clay and 
Knox Counties. The average production, 
including the dry holes, was more than 
600,000 cu. ft. per well. The producing 
formations are 


PER CENT 

Salt sands, Pennsylvanian............-.. 6.8 
Maxon sand, Mauch Chunk..!......-..- Te 
BigiLime; Mississippianer. pane eee eee (Sri 
Black shale, Devono-Mississippian........ 61.9 
Dry hol€s J. .2 ck. descod healer tod ele eke aee 10.5 
Miscellaneous (including Big Six, Big Injun 

and Berea)!:a- sect Sess cee eRe (9) 


Eighteen wells have now been drilled 
on the head of Red River in Wolfe County. 
Nine of these are producing from the Salt 
sand an average of 300,000 cu. ft. at 85 lb. 
rock pressure. The areal limits of this 
field have not yet been defined and with 
additional development undoubtedly a 
market will be provided during the next 
year. 
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Petroleum Production in Louisiana for 1943 


By J. Huner, Jr.,* L. C. Aycocx,{ and P. M. Lyons} 


In view of the unfavorable discovery 
trend that has set in during the past few 
years, it seems permissible to infer that the 
large, more easily found crude reserves in 


. Louisiana are now known. Without doubt, 


many new producing areas will be located, 
but in the light of development during the 
past few years the majority of new areas 
probably will be found at greater depths 
and from relatively poorer sands. 
Although sufficient reserves exist in 
Louisiana to last at the present rate of pro- 
duction for a considerable period, addi- 


_tional reserves must be found in more 


intensive development of the presently 
known structures. In order to ensure the 
greatest ultimate recovery from such 
structures, the most advanced technical 
methods must be employed in their ex- 
ploitation. Wherever possible, cycling and 
repressuring plants should be installed. 
There are presently in Louisiana, especially 
in south Louisiana, a great many fields 
that contain gas-condensate reservoirs. 
These reservoirs cannot be produced for 
their liquid hydrocarbon content under 
present conditions without wasting an 
enormous quantity of gas and creating 
underground waste. Although some of these 
reservoirs are being produced, such pro- 
duction must be considered in the nature 
of a salvage operation rather than as a 
sound economic proposition. Such reser- 
voirs, however, can become profitable ven- 
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tures through the use of cycling and 
repressuring plants. 

Cycling operations now operating in 
Louisiana have increased the ultimate 
recovery from gas-condensate reservoirs 
anywhere from ro to 30 per cent. Cycling 
operations will also provide a considerable 
reserve of gas, without which Louisiana 
cannot hope to develop any program of 
industrialization. 

During the past year, Louisiana attained 
the rank of third among the oil-producing 
states of this country. With a proper 
program of exploitation and development, 
and with emphasis on _ conservation, 
Louisiana can maintain this position for a 
great many years. 


PRODUCTION 


On Dec. 31, 1943, oil and/or gas were 
being produced in 52 parishes, or 81 per 
cent of all the parishes in the state. Thirty- 
three of the parishes produced oil and gas, 
14 produced oil, and 5 produced solely gas. 

Tensas Parish in north Louisiana and 
Assumption Parish in south Louisiana 
formerly contained no producing fields but 
during 1943 joined the ranks of the pro- 
ducing parishes. 

Twenty-three new fields, including one 
rediscovery, were found during 1943—a 
rate of discovery almost comparable to 
that of the preceding year. Eleven of these 
new discoveries were either gas or gas- 
condensate fields. Thus, the trend of 
development in finding new reserves was 
also comparable to that of 1942. 

Many reasons of considerable merit 
have been advanced to account for the 
discouraging lack of crude-oil reserves 
found during the past year. None are, how- 
ever, completely satisfactory. 
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Statewide production for 1943 was ap- 
proximately 126.5 million barrels of crude 
oil and condensate. This amounted to about 
8.5 per cent of the total production: of 
liquid hydrocarbons in the United States. 
A comparison of production for the years 
1943 and 1942 shows that Louisiana pro- 
duced approximately 7.4 million additional 
barrels of crude oil during the past year. 
In considering the great demand for oil 
during the past year, this increase in pro- 
duction ~cannot be considered as very 
striking. 


COMPLETIONS 


Completion records from January to 
December 1943 show that 614 wells were 
drilled in or adjoining producing fields. 
These wells were drilled to deepen or extend 
producing areas and are not considered as 
wildcat wells. Of this total number, 383 
were completed as oil wells and 85 as gas 
wells, and the remaining 146 were dry 
holes. This means that 76 per cent of the 
wells drilled were successful compared with 
83 per cent of the wells for 1942. A com- 
parison of the total number of field wells 
drilled during 1943 with the 757 that were 
drilled during 1942 indicates a decrease of 
slightly less than 20 per cent for 1943. The 
conclusion is therefore apparent that during 
1943 there was a decrease in the number 
of successful completions. The fact that 
there were fewer successful completions 
during the past year may well be the 
result of the arbitrary spacing program 
brought on through the necessity of 
attempting to allocate fairly the use of 
materials for drilling wells. The arbitrary 
spacing has probably tended to locate 
wells in less favorable structural positions. 
This is especially true on piercement-type 
salt domes and on those complexly faulted 
nonpiercement-type domes. The general 
application of 4o-acre spacing, especially 
in the development of the outer or flank 
areas of producing structures, cannot be 
generally applied and each location must 
be based not on arbitrary spacing rules but 
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upon the prevailing geological conditions 
if maximum completions are expected. 

During 1943 conditions of spacing and 
drilling were very similar to those of 1942. 
Thus, for the first time we have an actual 
comparison of conditions. The comparisons 
show that there is not only a trend toward 
decreasing the number of field wells drilled 
but also toward decreasing the number of 
successful completions. The probable cause 
of this trend is the complexity of the 
domal-type structures found in Louisiana, 
and although the drilling of unnecessary 
wells is a thing of the past, the drilling of 
each structure is a separate problem in it- 
self and cannot be governed by arbitrary 
rule. 


Gas PRODUCTION 


Production of casinghead gas in 10943 
amounted to 184,000,000 M cu. ft. and 
natural gas to 515,000,000 M cu. ft., or a 
total gas production of 669,000,000 M 
cu. ft. These figures indicate that the total 
gas production for Louisiana during 1943 
was approximately the same as the total 
gas production for 1942. Production of 
natural gas increased approximately 10 
per cent, while production of casinghead 
gas decreased about 1o per cent. This 
trend is a very healthy one and should be 
not only continued but increased. 

During 1943 Louisiana continued to add 
to its considerable gas reserves. As already 
indicated, 11 of the 23 new fields dis- 
covered during the past year were gas- 
condensate fields. 

Louisiana, in comparison with other 
states, and with the exception of its oil 
and gas deposits, has no other exceptional 
mineral deposits. Most of its minerals are 
those commonly found in other states. 
Louisiana can utilize its mineral resources, 
however, because of the enormous advan- 
tage of having a huge supply of cheap fuel 
in the form of natural gas. If Louisiana, 
for example, is to develop and maintain a 
ceramic industry, it must conserve its 
natural gas deposits until a time when this 
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fuel can be utilized intrastate instead of 
sending natural gas to other states that 
utilize the gas to fabricate products that 
in turn are sold in Louisiana. This is a 
cycle which is not conducive to a good 
state economy. Further, natural gas is 
becoming the basis for industries develop- 
ing fuel, chemicals, and other types of 
materials that will be needed in the indus- 
trial development of this country. Natural 


* gas should be exploited in Louisiana. 


New Fretps, NEw SANDS, AND 
EXTENSIONS 


North Louisiana 


In north Louisiana interest has been 
equally divided during the past year, as 
indicated by wildcat tests, among the 
Wilcox, Upper Cretaceous, and Lower 
Cretaceous. Six new fields were found, as 
follows: 


East Nebo, La Salle Parisk.—The discovery 
well in this field was completed in the Wilcox as 
an oil well at a depth of 3900 ft. This field 
apparently is another “‘one-well” field so 
common in the Wilcox trend in northeast 
Louisiana. Three dry Wilcox tests have already 
been drilled on the north, east, and south flanks. 

Holly Ridge, Tensas Parish The discovery 
well was completed in the Tuscaloosa forma- 
tion of Upper Cretaceous age as an oil well at a 
depth of 8400 ft. This field probably is one 
of the more important discoveries found in 
north Louisiana during 1943. Three producing 
wells have already been completed, and six 
more are in various stages of drilling within a 
radius of 2 miles of the discovery well. 

Lucky, Bienville Parish—The discovery well 
was completed as a lean gas-condensate well 
in the Pettit zone of the Sligo formation of 
Lower Cretaceous age. Three wells have been 
drilled and completed in addition to the dis- 
covery well in the area, one approximately one 
mile southeast, another 4.5 miles southeast, 
and a third 3 miles northeast. These three wells 
have been completed as gas-condensate wells 
at depths similar to those of the discovery well, 
strongly suggesting that the four wells are 
producing from a common pool which covers 
a very large area. 
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North Cotton Valley, Webster Parish—The 
discovery well was completed as a gas-con- 
densate well at 8450 ft. in the Bodcaw sand, 
Cotton Valley formation of Jurassic age. The 
producing area is on the northeast flank of the 
Cotton Valley structure about 2 miles north 
from the nearest well in the Cotton Valley 
field. Undoubtedly there is a structural rela- 
tionship between these two fields, but it is 
unlikely that the North Cotton Valley field is 
an extension of the Cotton Valley field proper. 

North Lake St. John, Tensas Parish—The 
discovery well was completed in the Wilcox as 
an oil well at 4400 ft. Two dry holes have been 
drilled, one prior to the discovery well and 
one subsequently, therefore it seems reasonable 
to assume that the field will not cover a very 
large area. 

Northwest Ruston, Lincoln Parish—The dis- 
covery well was completed as a gas well in the 
Hosston formation of Lower Cretaceous age at 
a depth of sg00 ft. This field may actually be 
connected with the old Ruston field, which is 
about 214 miles to the southeast. However, the 
Ruston field, which consists of one shut-in gas 
well, produces from the Pettit zone of the 
Sligo formation of Lower Cretaceous age. 


A total of 252 field wells were drilled in 
north Louisiana during 1943. Of this num- 
ber, 131 found oil production, 66 found 
gas production, and 55 were dry. Some of 
these wells found new sands; others ex- 
tended the producing areas. 

A brief summary of the more important . 
of these developments is listed below: 


Athens, Claiborne Parish.—Production ex- 
tended 14 mile southwest by the second gas- 
condensate well completed in field. 

Big Island, Rapides Parish.—Field aban- 
doned August 1943. 

Calvin, Winn Parish—Defined by four dry 
6000 to 7s500-ft. test wells completely sur- 
rounding the producing well and located 
approximately one mile from production. 

Carterville, Bossier Parish —Test well drilled 
to 6507 ft. in search of Pettit production 
proved dry. 

Catahoula Lake, La Salle Parish—Extended 
14 mile northwest and southwest; defined in 
northeast by dry Wilcox test (4223 ft.) 4 mile 
from production. 
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TABLE 1.—Oil and Gas Production in Louisiana 
Oil Production Gas Production, Number of Oil 
Total, Bble Millions Cu. Ft.e | and/or Gas Wells’ 
Area 1943 
Field, Parish Proved, 
e Acres? fe 
= é : Son 
5 8 To End During To End During | ©S 
= Z of 1943 1943" | of 1943 | 93 | B&| By] B 
= a Bee 2 S 
A 6 a3 eae 
S 5 es|2|3 
3 = s) ©) ics 
Nort Lovlsiana 
1| Ajax, DeSot d Natchitoches..... 1941 120 4,605 0 0 0 2 0 2u 
2 Atlionsp Clasberveshthe.- ev ‘) Satins 1940 640+ 13,2613 10,0613 1,082 844 2 i 0 
3| Bear Creek, Bienville.............|1937 4,000 109,9393 29,8083 9,947 3,541 6 0 0 
4| Beekman, Morehouse...........-- 1942 320 1,119 202 62 49 1 0 0 
5] Bellevue, Bossier.................|1921 1,420 10,795,240 191,445 2,635 10 448 1 35 
6) Benson; DeSoto... 0.2 lanes. a0 0s: 1928 320 6,494 0 107 0 5 0 0 
7| Bethany, Caddol.................|1916 2,580 3,0684 45 04 0 14 0 2 
8] Big Island, Rapides.............. 1942 40 3,828 0 0 0 1 0 1 
9| Blue Lake, Sabine............... 1928 340 24,9426 3,576 06 0 11 0 0 
10} Caddo (includes Hosston, Pine 
Island and Vivian areas), Caddo! |1905 65,000 /|157,829,2407 | 2,398,119 144,8957 1,061 /|4,862 | 56 /|1025 
Lb Calying Wins semen. ceeeeer 1942 320+ 3,8683 3,658% = z 1 0 0 
12| Carterville-Sarepta, Bossier, Web- 
BER Ree elon tee es «aCe 1922 4,250! 2,856,428 42,640 42,694 g 201 0 45 
13| Caspiana; Caddo.; s:202.04:. 0202) 1925 400 0 0 1938 0 5 0 0 
14! Catahoula Lake, La Salle......... 1942 280 156,939 141,637 ae 4 2 0 
15] Cedar Grove, Caddo.............. 1915 3,840 0 0 0° 0 18 0 0 
UG|iClarke# Caldwell anne lyn ene 1941 160+ 0 0 0 0 a 0 0 
17| Converse, Sabine................ 1932 5,760 2,507,896 94,074 56 1 199 0 i 
1922 
18] Cotton Valley, Webster......... a 14,000 43,312,296 4,564,428 317,905 65,444 454 0 15 
1936 
19) Cypress Bayou, La Salle..........|1941 80 112,156 24,658 35 9 2 0 1 
20h Dixie) Castwsbh vk umalianctek 1929 1,500 40,835° 7,873 0 o | 56] 0 | 2 
21) Driscoll, Bienville................ 1936 1,500 25,4668 4,1398 15,682 2,068 4 0 0 
22] East Nebo, La Salle..............|1943 40 6,447 6,447 7 7 1 1 0 
23] Elm Grove, Bossier, Caddo....... .|1916 14,920 3,633,241 102,751 194,631 96 249 0 1 
24| Elm Ridge, La Salle..............|1942 40+ 7,196 2,727 5 2 1 0 0 
25| Epps, Hast and West Carroll....... 1928 1,280 0 0 9,976 1,223 5 0 0 
26) Funny Louis Bayou, La Salle...... 1941 160+ 0 0 0 0 1 
27| Grand Cane, De Soto............. 1941 80+ 1,400 0 2 ae 
28] Greenwood, Caddo............... 1940 320 0 0 2 0 0 
29| Grogan, De Soto................. 1937 40 28,671 0 1 0 0 


1 Extends into Texas. 
8 Condensate only. 
‘Included under Waskom prior to 1941. 
5 Nearest known figure. 

5 Included under Zwolle prior to 1941. 

7 Included Dixie and Cedar 


8 Included under Elm Grove prior to 1940. 


® Included under Caddo prior to 1941. 
11 Temporarily abandoned. 


Grove prior to 1941. 
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Walle Prod aloe 
Wells uc ressure, Character Producing Formation Deepest Zone Tested? 
ing? Dec. 1943 | Lb. per of Oil* ai A End of 1943, 
Sq. In. 
Oil + =i 
f Ss at | 
bs She s2 | Se 
_ - row S o 
‘, s = Lar es Nameand Age? |. | | SS = “ Name 
e 8 als Se al eelss Sise| se | se | 2 ‘sk 
4\ 2/2 3 |Ssa| 2/e8lao ElEC| 28 | 2u| 2 ag 
li 2} 2 Bene) 4] 3 | SS] 8] ge 3s S/e5| Be | Se 3 aro 
e siela7| 5 | 6 <a oO Fla Slee toa ce |) ee a 
- Nortx Lovistana 
} 
YF 1} 0 0 0 42 | Paluxy, CreL S | Por} 3,209 5 D_ | Paluxy 3,500 
9} 0 0 2 61 yrs pre = Por ee 10 4 Hosston 6,706 
- | ettit, Cre 16 6,60. 25 
i en Niles { Hosston, CreL | § |12.5| 7,215 | 15 | D } — eine 
4| 0 0 1 Gookiows sr 2 = a 20 ar Eagle Mills salt| 6,956 
| { Nacatoch, CreU S |Por| 300 30 c 
5} O| 150 0 18-19 esas aieaig a OL | Por| 1,700 . Du} Eagle Mills salt} 9,070 
er ao) 6 0} |_| Paluxy, CreL S | Por| 3,000 10 A | Paluxy 3,440 
| | { Nacatoch, CreU S$ |Por} 930 25 A 
‘ 7} 0 0 0 : | 4 Washita, CreL S$ | Por} 2,400 10 A } Mooringsport | 3,758 
| | \ Paluxy, CreL S | Por] 2,830 10 A 
8| 0 0 0 ; | Wilcox, Ec S | Por| 5,150 2 Midway 7,105 
2 9| 0 1 0 |42-45 | Chalk Series, CreU | C | Fis} 2,100 z T | Paluxy 4,503 
ri |19-21) Nacatoch, CreU S |Por| 800 30 Af | Igneous below 
) 28-39 { yo EE C | Fis | 1,400 x Af | Eagle Mills salt! 11,419 
| re 
“| 23-44 | Tokio, CreU $ |Por| 2,000 | 20 | Af 
10| 0} 1,382) 17 |26-43) Paluxy, CreL S |Por} 2,300} zx | Af 
¢ Ferry Lake, CreL A | Fis | 2,700 z Af 
y Rodessa, OL | Por | 2,80019 z Af 
et 42-44 { Sligo, CreL OL | Por! 3,620 zr Af 
2 Hosston, CreL S | Por} 3,900 15 Af 
» 11; 0 0 1 72 Paluxy, CreL S | Por| 5,784 10 L. Cretaceous | 9,719 
é 12) 0} 23 0 26-43 Tokio, CreU S |Por| 2,67519} 30 A | Cotton Valley | 10,070 
y Nacatoch, CreU S$ |Por| 800 20 N 
13} 0 0 0 { Eagleford, CreU S | Por} 2,450 8 N \ age ce Valley | 9,141 
14| 3 i 0 39-43 Wilcox, Eoc S | Por} 4,040!) 50 Midway 5,400 
15} 0 0 0 Tokio, CreU S | Por} 2,450 25 A | Hosston 6,001 
16} 0 0 1 Pct at S | Por} 2,173 12 | Df | Wilcox 4,006 
ratoga-Annona, 
17} 0) 62 1 | CreU C | Fis} 1,600 x Af \ Heston 8,929 
Paluxy, CreL 8S | Por| 3,604 20 Af 
|27-30 Ozan, CreU e 27 =| 2,500 30 A | Cotton Valley | 9,198 
110 51-53 Rodessa, CreL S |24 | 3,900! 35 A 
18} 6) 38 49-67 Hosston, CreL § |17 | 5,500 10 | A 
C 41-65 Cotton Valley, Jur | S |17 | 7,900 40 A F 
19} 0 1 0| S |22 | 4,706 10 | AM | Midway 5,976 
20! 0 4 0 S | Por} 2,400 10 T | Mooringsport | 3,514 
OL|16 | 5,960 | 15 | D \ Fcaatth viens 
A ar § 12 | 7,160} 2 | Ds} , 
yd Me 0 0 S | Por} 3,896 14 Midway 5,208 
Bes toh po 
01 ’ 
93} 0| 39) 12 s Por 1'675%| 50 ‘4 (| Cotton Valley | 8,647 
S | Por} 2,400 10 A ’ 
24 41 Wilcox, Eoc § | Por} 4,572 | . 13 AM | Midway 5,976 
25 | "Gre Gas Rock, | C | Por} 2,302 25 D_ | Eagleford 2,820 
reU 
26 Sparta, Eoe S | Por| 1,465 10 Wilcox 4,000 
27 Paluxy, CreL S |Por| 2,820 10 Paluxy 2,858 
28 Paluxy, CreL S | Por| 2,549 20 | AM | Paluxy 2,981 
29 Paluxy, CreL 8 |Por| 2,929 5 D_ | Paluxy 2,961 


10 Multiple sand production. 
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PETROLEUM PRODUCTION IN- LOUISIANA FOR 1943 


ee SS LS ee eee 


Oil Productio Gas Production, Number of Oil 
Total, Bble Millions Cu. Ft.e | and/or Gas Wells‘ 
Area 1943 
Field, Parish Sal bade y 
o 
8 To End During To End During | 3 
3 A of 1943 1943 of 1943 1943 zs 3 3 
| Se S 
2 es aS | Saeko 
2 3 és|3|2 
é S OP ome 
A a 
30| Haynesville, Claiborne, Webster?.. 1921 12,000 | 80,388,890 | 5,341,245 938,434 3,830 918 | 23 | 27 
; 0 
Si Moll seal Soom as ene ape 1930 240 1,070,374 35,707 198 30 17 2 
32| Holly Ridge, Tensas............. 1943 120+ 40,228 40,228 30 30 3 | 3 0 
33| Homer, Claiborne...............- 1919 3,020 | 72,998,200 | 1,057,690 8,189 539 642 1 0 
34| Indian Bayou, La Salle........... 1941 40 80,684 45,289 30 16 1 0 0 
35| Lake Bistineau, Bienville......... 1916 5,500 32,9993 7,9383 45,009 11,097 29 1 0 
36| Lake End, Red River............. 1942 40 1,307 900 0 0 1 0 0 
37| Lake St. John, Concordia......... 1942 800+ 389,449 322,437 312 279 19 9 0 
38] Larto Lake, Catahoula............ 1941 40 67,362 28,208 0 0 1 0 0 
39] Lisbon, Claiborne, Lincoln........ .|1936 10,240 10,574,878 586,142 27,967 8,886 275 2 9 
40| Logansport, DeSotol.............. 1938 14,000 119,4783 48,0248 30,794 13,002 17 4 0 
41 Longwood, Caddo...............- 1926 4,560 19,2703:4 3,805 8,2164 229 385716 0 
42\ Lucky, .Brenwille: 04 a2 teen tees 1943 640+ 9943 9948 282 282 1 3 0 
43] Manifest, Catahoula..............|1942 40 2,490 1,893 0 0 1 0 0 
44| Monroe, Ouachita, Morehouse, 
MUONS Mente ce ae eee 916 251,000 0 0 | 3,480,467 | 230,578 {1,495 | 49 5 
45] Nebo-Hemphill, La Salle......... 1940 5,920 7,646,821 | 3,559,731 8,193 3,516 148 9 0 
46| North Carterville, Bossier........ 1942 400 85,896 84,869 z z 6 5 0 
47| North Cotton Valley, Webster... .. 1943 160+ 1,265 1,265 13 13 1 1 0 
48] Northeast Lisbon, Claiborne....... 1941 960 0 0 0 0 3 1 0 
49] North Lake St. John, Tensas......|1948 40 13,019 13,019 3 3 1 1 0 
50] Northwest Ruston, Lincoln....... 1943 160+ 0 0 0 0 ul 1 0 
61 Oakland sUntonz a0. 9....0. oes ee 1928 60 847012 2,350 0 e160 0 
52! Olla, La Salle............ Bocce 1940 8,300 13,829,753 | 3,755,887 21,628 10,525 191 1 3 
53] Pleasant Hill, De Soto, Sabine... . .|1927 2,000 1,518,482 23,803 489 64 0 15 
54| Red River—Bull Bayou, De Soto, |1912 40,000 57,405,732 310,688 69,463 932 11,446 5 17 
Red River. 
55| Richland, Richland.............. 1926 49,280 0 0 460,619 _ 0 313 0 2 
56} Rodessa, Caddol?..............». .]1930 18,000 | 79,294,727 | 3,484,304 502,160 38,561 504 | 0 | 32 
67 | Ruston; Lanois a sccn sactes «a hiee. 1937 320+ 0 0 0 0 1 0 0 
58] Shongaloo, Webster.............. 1921 5,750 179,559 2,778 73,000 93 95 1 2 
59| Shreveport, Bossier, Caddo. Se kyo MLL 8,200 6,276,293 776,993 13,678 3,059 | 62 2 2 
60} \Sibloy,; Webster. c-.<.c.cacwee sss 1936 1,000 36,7718 11,4748 7,243 1,857 | 6] 0 0 
61] Simsboro, Lincoln................ {1985 700 15,2488 6,6873 11,623 2,305 2 0 0 
2 Extends into Arkansas. 


12 No records prior to 1941. 
18 Included in Cotton Valley. 
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Wells Produc- 
ing? Dec. 1943 


Oil 


> 


wo| ia 
- Ee 
SS 
-” E an & 
30/139} 262 0 
0 6 2 
3 0 0 
0| 321 0 
1 0 0 
4 0 0} 18 
0 1 0 
15 1 3 
- 0 1 0 
0} 140 8 
0 0 17 
0 0 2 
0 0 1 
rd 0 1 0 
4 o| 0) 1,361 
7 68| 78 2 
a 4 2 0 
0 0 1 
0 0 3 
0 1 0 
: 0 0 1 
m o| 6 64] 
38} 142 8 
is o| 24) 1 
£ o| g1| 16 
7. 0 0 0 
Se 36| 245] 158 
> 0 0 1 
ty 0 1 1 
3) 
iy ll 37 0 
a 0 0 6 
s 0 0 2 
cS 
a2 
-; = 
Lid 
r! 
*, 
f, 
e) 
fe 


Reservoir 
Pressure, 
Lb. per 
Sq. In. 


2,700) 300 


Character 
of Oil 

ae 

eb 

Ms 

otf =. 

Eas 

ol as ieee 
Be uo 

=| eles 

3 oe Be 
35-36 

{ 35 
38-42 
37-39 
35-38 

G4 |35-38 
46 
44 


Producing Formation 


Deepest Zone Tested? 
to End of 1943 


Name and Age/ 


Tokio, CreU 
Rodessa, CreL 
Sligo, CreL 
Eagleford, CreU 
Tuscaloosa, CreU 
Nacatoch, CreU 
Tokio, CreU 


Cotton Valley, Jur 


Wilcox, Eoc 
Ozan, CreU 
Tokio, CreU 
Sligo, CreL 


otton Valley, Jur 


Nacatoch, CreU 


Cotton Valley, Jur 


Smackover, Jur 
{ Rodessa, CreL 


CreU 


Coc 
Wilcox, Eoc 
Sligo, CreL 


Cotton Valley, Jur 


{ Hosston, CreL 


Cotton Valley, Jur 


Wilcox, Eoc 


Tokio, CreU 

Sligo, CreL 
Rodessa, CreL 

Rodessa, CreL 
| Hosston, CreL 


{ Nacatoch, CreU 


Second Sand, CreU 
Eoc 


Character* 
Porosity, 


5 


a) 
LEQrannGQian QqunnnnannanQunn ouQnQunnQQranQunununQnunnnunnGin 


Per Cent? 


ag 
cé 23 
aS BE z 
ES be oe Name 
ge| = 2 ys 
a3 \3 eles ag 
Sree | oe as 
ne | os aA fats 
2,725 25 A 
4,250 20 | AL $|Smackover 11,254 
5,200 20 AL 
2,538 ll NL | Paluxy 3,373 
8,382 40 D_ | Tuscaloosa 8,463 
1,000 50 DF 
1,900 50 DF } Eagle Mills salt] 6,019 
442 | 74 | DFJ] 
4,294 10 | AM | Midway 5,905 
1,950 25 AF 
2,525 | 28 | AE || Cotton Valley | 8,532 
8,400 z | AF 
1,224 x D_ | Hosston 7,120 
2,131 20 D 
3,39610 65 D } Rodessa 9,994 
9000 | 30 | DJ]. 
5,108 25 Midway 7,031 
5,100 10 DL 
5,300 | of | DU} | Bale Mills salt| 12,592 
10,150 | 100 | DF 
a ae : } Hosston 6,271 
Bel 4 
2,690 
5.590 40 a Hosston 6,200 
6,000 50 A 
6,836 30 Hosston 7,804 
1,810 7 Wilcox 4,554 
2,14 30 | MC 
é } Morehouse 10,475 
2,265 0 we 
1,420 5 . 
1A al 400 | AL \ Midway 5,301 
6,048 42 AL | Hosston 6,382 
8,462 30 Cotton Valley | 8,648 
ai a \ NL | Cotton Valley | 7,912 
4,435 6 Midway 6,599 
5,878 55 Hosston 5,989 
2,200 10 U. Cretaceous | 3,001 
2,04010| 154 AL | Rodessa 8,997 
3,100 15 N_ | Mooringsport | 5,063 
725 30 AF 
850 | = | AFA) Hosston 6,479 
4500} 10 | AF 
nen 76 A | Cotton Valley | 9,986 
5,4001| 125 AF | Eagle Mills salt) 11,486 
5,300 20 A | Hosston tee 5,822 
oon os - \ Cotton Valley 10,462 
"375 | 25 | A 
2,450 10 A ‘| Cotton Valley | 8,690 
5,550 15 A 
5,500 35 A | Cotton Valley | 10,383 
yh 4 ¥ \ Cotton Valley | 10,002 
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TABLE 1.—(Continued) 
ga es eee ee 


il Productio Gas Production Number of Oil 
CPotal Bole Millions Cu. Ft.e | and/or Gas Wells/ 
Area 1943 
Field, Parish Bs Proved, 
= Acres? 
S ] ‘ To End During To End During | ©& 
4 z of 1943 1943 | of 1948 | 1943 | 3S] By | ¥. 
5 ae 27S) 22 ales 
a ge | = | 8 
g $ om 3 2 
18 I o oO < 
G2)sligo, Bosster.........00.+-+s+5-- 1922 15,000 4,025,653 616,816 193,478 29,421 180 8 45 
63] South Jena, La Salle............. 1941 600 260,649 67,122 99 28 7 0 0 
64 Spider; DeSotova.. 2 see eae. 1914 500 0 0 341 0 5 0 0 
65] Spring Ridge, Sabine.............|1931 200 x . 0 0 0 2 0 0 
66] Standard, La Salle, Caldwell.......|1940 1,500 0 0 1,503 821 4 1 0 
67| Sugar Creek, Claiborne........... 1930 4,440 1,967,451 474,436 79,714 9,913 44 8 0 
68] Summerville, La Salle............ 1940 740 317,346 117,979 610 94 13 0 0 
69| Sutherlin, De Soto................}1920 1,280 0 0 224 0 4 0 0 
70| Trout Creek, La Salle............ 1941 250 159,136 38,900 70 22 6 0 0 
71| Tullos-Urania-Georgetown, Grant, 
ar Sallel. Witnnsie eee ete 1925 6,600 26,618,045 733,453 5 0 533 1 165 
%2| Waskom;,Caddo-. 2. ascents. eee. 1924 1,600 30,9445.14 4,5563 13,970 537 32 0 0 
73| White Sulphur Springs, La Saile.. .|1927 350 12,290 0 0 0 12 0 0 
74| Willow Lake, Catahoula.......... 1941 80 199,942 97,931 20° 20 ane 0 0 
75| Zenoria-Little Creek, La Salle..... 1938 3,000 2,754,575 975,965 4,052 1,127 76 3 25 
76) Zwolle, |Sabiness...5 2.6226. cee 1928 28,000 14,867,23515 180,142 183 3 382 0 8 
Sours Lovtstana 
77| Abbeville, Vermilion. . Jae a ead. 1937 955 825,249 81,324 11,606 2,869 12 0 2 
78| Arnaudville, St. Martin........... 1943 40 469 469 5 5 1 1 0 
79| Anse la Butte, Lafayette, St. Martin. |1902 200 7,242,731 2,248,479 2,920 1,065 93 616] 4 
80| Avery Island, Jberia..............|1942 70 202,541 180,023 108 95 i 6 0 
81 Bancroft, Beauregard.............|1938 750 3,324,958 213,305 17,468 1,604 43 0 3 
82| Barataria, Jefferson.............. 1939 270 3,638,165 1,127,161 2,480 863 23 0 0 
83| Bastian Bay, Plaquemines......... 1941 120 76,467 16,50117 669 90 3 0 0 
84} Bateman Lake, Sblaryaneen . 1937 4,640 1,602,060 343,102 18,891 9,862 14 0 0 
85| Bay Baptiste, Terrebonne......... 1938 640 1,320 0 68 0 1 0 0 
86] Bay de Chene (Hackberry Bay), 
Jefferson, Lafourche............ 1941 160 99,818 63,018 1,273 972 2 0 0 
87| Bayou Bleu, Jberville............. {1929 500 2,449,028 793,886 588 240 43 2 0 
88| Bayou Bouillon, St. Martin... 1902 40 | 429,72 8,010 102 o | 1] 0] 0 
89 ay Si ype ke Iberville, West 
aton Howges. 6... cw. . {19381 120 4,007,753 169,145 623 69 23 1 0 
90} Bayou Couba, St. Charles........ .|1942 160 69,559 66,697 21 21 
91 ae bat Allemands, St. Charles, : : : 
AJOUNCNE.s 6 vies ns niewcev ve nes 1937 520 951,038 320,661 2,835 774 18 
92) Bayou des Glaises, Iberville... ... 1940 |Abandoned 3,679 0 0 0 1 3 7 
93) Bayou Mallet, Acadia Piccd aed 1936 360 600,222 82,382 1,299 32 8 0 0 
94| Bayou Pigeon, /beria............ .|1940 200 729,837 146,160 361 93 5 0 i 
95| Bayou Sale, SiviMaryep ht ie, : - 1941 1,500 2,998,434 1,912,147 3,516 2,083 34 | 10 0 
96| Bay St. Elaine, Terrebonne........ 1937 180 944,722 121,212 722 137 14 0 0 
97| Bear, Beauregard................ 1943 200 113,574 113,574 291 291 6 618] 0 


‘ Tncluded Bethany and Longwood prior to 1941. 
© Included Blue Lake prior to 1941. 

16 Five dual completions. 

17 Produced only eight months. 

18 One dual completion. 
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Wells Prod oes ‘ 
Wells Produc- ressure, Character ean : Z dP 
inge Dec. 1943 | Lb. per of Oili Producing Formation peep dot 1948 
Sq. In. 
= 2 — oy 
Se e e|§ 
5 ceed 
g | a8 | aS 
& 4 a, 
3 a a Name and Age? | a - Name 
g = ao] pPi< a a | r=] Paes | 8 
S|wl|is = a|o&|ss Sisg| Ss | ee] 8 sk 
24 |.8|‘s = |2 3 |20 1/55 S$ 25) 23 Se 5 om 
2|E\Se| 2 | 2 |e] 8) a2o (Ss E/8s| BS | se] 8 23 
Boras 2 beg |} eS. $s | fs laa alse] ot oF = Fy 
SjJeI47) 5 | 8 lat a l[otla 6 ic™| a a A ak 
Nacatoch, CreU S |Por| 880 40 Df 
Ozan, CreU S | Por} 1,600 15 Df. 
Tokio, CreU § | Por} 2,460 10 Df 
62} 3} 67| 44 Paluxy, CreL S | Por| 2,640 15 Df }| Hosston 6,122 
41-43 Mooringsport, CreL | L | Por | 3,000 10 Df 
57 Rodessa, CreL OL }15 | 4,150 30 Df 
49 Sligo, CreL OL 17 | 4,925 50 Df 
63] 0 6 1 33-43 Wilcox, Eoc § |26 | 8,27219| 51 NL | Midway 5,062 
64| 0 0 0 Paluxy, CreL S | Por} 2,800 20 A | Hosston 6,063 
65| 0 0 0 39 Paluxy, CreL S | Por} 3,350 5 D_ | Mooringsport | 3,723 
66} 0 0 4 Wilcox, Eoo S | Por| 2,1641°} 52 Df | U. Cretaceous | 5,097 
Rodessa, CreL OL |18 | 4,300 13 AF 
67| 15 2 25 32-37 Sligo, CreL OL |14 | 4,900!9} 50 AF $| Cotton Valley | 10,759 
34 Hosston, CreL 8 |25 5,550 18 |AFL 
68) 2 9 1 28-33 Wilcox, Eoc S$ |20 2,51210) 945 NL | Midway 4,071 
69) 0 0 0 Paluxy, CreL $ | Por} 2,775 10 D | Paluxy 3,003 
70| 0 6 0 |35-43 Wilcox, Eoc S$ |28 | 3,1689) 49 NL | Midway 4,810 
71} 0| 199] 0 |21-22, Wilcox, Eoc S$ | Por] 1,490 9 | Nf£ | Tokio 6,463 
Mesto ee | 2 |b! yore 0 | oA 
okio, or | 1,8751°} 50 
lh Paluxy, CreL S.|Por| 2540 | 30 | A(| Dosston 6,400 
Hosston, CreL § |138 6,157 15 A 
73| 0 0 0 20 Cockfield, Eoc S |Por| 794 9 Nf | Wilcox 2,435 
74| 2 0 0 37 Wilcox, Eoc S | Por} 5,533 6 NL | Midway 6,810 
75| 4 60 4 19-38 Wilcox, Eoe S |28 | 1,61210 190 A | Midway 4,124 
76| 0 33 0 42 Annona, CreU C | Fis | 2,100 x A | Rodessa 6,178 
Sours LoulsiANA 
77| 1 7 50 |0.1 | MioU § |26 | 6,400 141 D_ | Uvigerina 12,214 
78) 1 0 42 MioL § | Por |10,340 35 D_ |L. Miocene 10,700 
23 Pili S | Por} 1,165 40 Ds 
79| 56) 10 0 23-40 MioU § |30 | 2,800 502 ba L. Miocene 9,936 
32 MioL S |25 | 9,430 28 Ds : 
80} 7 0 0 MioU S | Por} 8,900 80 Ds _ | U. Miocene 12,005 
81; 5| 17 1 41 Cockfield, Eoc § |28 | 7,250 15 AF | Wilcox 11,018 
82} 20 0 0 37 |0.2 | MioU S |32 | 7,600 80 D_ | U. Miocene 12,246 
83} 0 0 0 40 MioU S | Por} 9,350 28 D_ | U. Miocene 10,174 
g4| 3] oO] 5 33-45 MioU § j25 | 8 986 | D |U.Miocene | 11,876 
85} 0 0 0 49 MioU » So ee os A U. Miocene 13,409 
Pli ‘or | 2, . 
86; 1 0 0 MioU 8 |Por| 7,470 30) Ds} U. Miocene 9,887 
87| 27 6 0 i 2 Por an a se L. Miocene 11,049 
27 12 5 Is . 
8s! 0 2 0 § |Por| 7, 480 b Ds L. Miocene 9,405 
gg] 2) 10 0 4 a ape 80 Ds L. Miocene 10,033 
90| 3 0 0 $8 | Por| 6,462 20 Ds_ | U. Miocene 8,440 
91] 8 2 0 § |Por| 5,425 | 270 | Ds | U. Miocene 10,794 
92] 0 0 0 S$ | Por| 8,640 7 Ds | L. Miocene 10,380 
93| 3 0 2 § | Por} 6,380 45 D | Vicksburg 8,404 
94) 3 0 0 $ 8,050 20 D_ |L. Miocene 11,934 
95] 31 0 0 S |30 | 4,540 | 400 D_ | U. Miocene 12,404 
96] 6 1 0 S | Por| 5,600 200 Ds_ | U. Miocene 12,689 
97; 5} 0 1 S | Por} 6,104 30 Cook Mt. 9,414 
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Oil Production Gas Production, Number of Oil 
Total, Bbl.¢ Millions Cu. Ft.¢ and/or Gas Wells’ 
Area 
Field, Parish . | Proved, 1943 
is Acres? 
b 8 To End During To End During | § Be | 
a a of 1943 1943 of 1943 1943 gaily 3 | 
a ~~ [=| 
oe os iy iS) 
a f ‘Sey | we dere 
2 5 BEE | 3 
4a - a iS) OUP 
e Belle Isle, St. Mary............-. 1941 20 5,764 1,604 452 111 0 0 
9| Big Lake, Cameron. . ae 8885 40 78,851 6,513 282 19 Cy fe! 0 
4 3 Black Bayou, Cann eo eal 1929 340 10,739,993 | 1,100,337 2,709 809 40 2 0 
101] Bosco-Cankton, Acadia, St. Landry |1934 2,240 24,429,193 1,094,719 49,616 2,688 72 0 2 
102} Branch, Acadia. . Sree bey wn f L942 640 75,230 10,418 4,638 866 2 1 0 
103} Bully Camp, Lafourche. Se a ae 1942 40 0 9 79 67 2 1 0 
104] Caillou Island, Terrebonne ........ 1930 540 35,553,419 1,833,826 4,369 1,381 58 3 1 
105} Cameron Meadows, Cameron...... 1931 300 9,779,734 ~636,745 1,028 144 69 1 6 
106] Chacahoula, Lafourche........... 1938 380 2,907,741 937,194 2,183 654 24 6 1 
107] Chalkley, Cameron...............|1938 2,000 5,868,944 1,498,314 12,803 3,230 39 0 1 
108] Charenton, St. Mary............. 1936 750 10,909,364 1,116,557 3,684 360 206 1 20 
109] Cheneyville, Rapides........... _ {1985 640 4,490,565 823,569 15,636 2,393 49 0 0 
110] China, Jefferson Davis............|1940| Abandoned 7,110 0 822 0 1 0 0 
111) Creole, Cameron.............-..- 1938 160 2,189,689 220,513 1,417 253 10 0 0 
112} Darrow, Ascension............ . 11932 175 5,936,848 446,814 2,473 154 23 0 0 
113] Deer Island, Terrebonne.......... 1942 640 0 0 0 2 1 0 
114] Delacroix Island, Plaquemines... . .|1941 200 158,738 110,316 661 481 5 3 0 
115| Delarge, Terrebonne............. 1938 640 294,837 100,737 10,252 3,541 2 1 0 
116} Delta Duck Club, Plaquemines... .|1941 80 64,545 3,543 147 0 2 0 0 
117} Delta Farms, Jefferson, Lafourche. .|1940 900 1,517,067 1,018,774 2,222 1,120 20 9 0 
118] Dog Lake, Terrebonne...........- 1935} ° 160 3,144,418 441,268 1,817 726 17 0 1 
119] East Gibson, Terrebonne..........|1943 40 7,746 7,746 6 6 1 1 0 
120] East Hackberry, Cameron........ 1927 900 31,706,235 1,826,273 6,464 1,267 155 3 125 
121] East White Lake, Vermilion....... 1940 400 860,502 562,052 1,691 530 17 7 1 
122] Edgerly, Calcasieu............... 1912 215 | 8,565,011 56,848 2 QO | 177) 0) (ie 
123) Hagan, cAcaitah enc ce. «gc leone 1943 320 6,687 6,687 254 254 Pal ie 0 
124| Eola, A voyelles. A ooactgerer ed: ae 1939 2,100 15,045,686 3,133,307 21,966 4,824 102 al 1 
125] Erath, Vermilion. SE crite a you 1940 2,400 500,839 228,305 3,685 1,717 4319) 32 0 
126] Fausse Point, Iberia, St. Martin. . .|1926 160 341,375 171,784 1,400 482 20 3 0 
127] Fields, Beauregard............... 1943 160 1,256 1,256 43 43 1 1 0 ; 
128] Four Island Bay, Terrebonne...... 1935| Abandoned 102,512 0 0 0 2) 0 0 | 
129] Freshwater Bayou, Vermilion..... 1942 320 0 0 0 0 1 0 0 
130] Garden Island Bay, Plaquemines. ..|1935 420 7,339,485 | 1,855,574 2,326 840 47 | 4 0 ; 
131] Gibson, T’errebonne.............. 1937 480 7,965,257 1,700,429 14,062 8,036 27 5 0 } 
132] Gillis-English Bayou, Calcasieu ..|1934 1,200 22,541,820 489,866 34,396 2,923 120 0 255 
133] Golden Meadow, Lafourche........ 1938 1,400 17,698,470 3,599,467 8,677 2,320 217 
134] Grand Bay, Plaquemines.......... 19388 1,200 8,308,029 2,510,732 7,667 2 713 42 3 oe 
135] Grand Lake, Cameron............ 1939 600 5,330,216 953,971 4,343 1,007 24 0 0 | 
136] Gueydan, Vermilion............. 1932 280 3,880,124 1,247,563 3,266 1,144 32 4 2 
137| Hayes, Calcasieu................ 1942 640 10,581 3,420 701 210 | 
138} Happytown, St. Martin.......... 1939 80 567,639 139,194 899 353 ; } [ | 
139] Hester (Vacherie), St. James... ... 1938 150 126,582 23,250 899 255 5 3 | 
140| Hope Villa, Hast Baton Rouge. ees 1943 40 14,851 14,851 6 . 
141| Horseshoe Bayou, St. Mary. ..... .|1937 560 2,220,155 1 454,879 3,174 1552 i i , . 
145] Thera, [bertas.ncmeacteteuenenet ans 1917 300 29,586,218 2,610,258 5,360 902 122 0 13 
143 eh saps & Davis. . .|1931 1,040 51,674,546 =| 2,929,006 37,623 4,157 99 0 75 | 
144| Jeanerette, St. Mary............. 1935 300 10,957,439 616,615 3,33 
145] Jefferson Island, Jberia........... 1938 160 1,415,049 278,673 Hee ie 7 . : 


19 Includes gas input wells. . 
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Wells Prod psectied Ch: 
Wells Produc- essure, aracter Producing F ti D 
ing? Dec. 1943 | Lb. per of Oil ue, ene ore ie Tested? 
Bq. tik to End of 1943 
- 2 RK > 
3 |. Se | ss 
= ao 
& me Ay Name and Age? | , sal me a a Name 
. - y 
g = | is] <A .e 3 -3 °.8 3s > ea 
%\8\8 = |8_|3 | 281838 Si2S| 53) 8= |] 8 las! 
o| &|se @ lSe] /ESIaz £/8.| 23 3e| 3s a3 
Sle|a-| 8 | 3 | 2"| 3 |S? ee & |S*| at | £2 | & a= 
98) 0 0 1 47 MioU S | Por} 9,800 55 Ds | U. Miocene 12,012 
99] 1 0 0 a “ au : ha “oh : 15 io L. Miocene 13,086 
22-4 .15} Mio Y ’ S A 
100) 13) 9 =O | |37-85 MioL S$ |35 | 7,500 | ‘360 Ds} L. Miocene | 8,480 
101) 26 9 0 PM et MioL = Por | 7,900 180 D_ | Vicksburg 10,434 
102] 6 0 1 MioL S | Por} 9,900 40 D_ | Vicksburg 10,557 
103; 0 0 1 MioU S |Por| 996 20 Ds_ | U. Miocene 8,425 
104] 39} 12 0 = oa 2 Sel pe pared ss U. Miocene 11,289 
2 i or| 1, S 
105) 9} 20) 0 { Jos-42 MioU S$ |Por| 3,300 | 150 Ds} Salt pile 
106} 19 0 1 me a . Dol ners a - U. Miocene 10,233 
6 MioU or] 4, : 
107} 28 0 0 { 37 MioL S | Por 8,400 60 D} L. Miocene 11,693 
108} 11) 124 0 22 MioU S |Por| 980 185 D_ | U. Miocene 10,690 
44 Cockfield, Eoc S | Por} 5,350 90 Ds} Wileox 8.930 
Wop 15) ll) = 3 { 44 Sparta, § |Por| 6,150 | 10 | Ds oo , 
110] 0 0 0 = ho 5 is ae 20 cs ue roe 
‘or | 5, . Miocen F 
oe: Ga Pos ale 30 |0.12| MioU 8 |25 | 4250 | 268 | Dsi\7asccone |10013 
112) 15} 1) 0 | 39 MioL S |25 | 8260 | 27 Ds} » Miocene , 
113} 0 0 0 MioU S | Por] 9,565 70 D | U. Miocene 11,470 
114) 5 0 0 36 MioU S | Por] 8,915 90 D | U. Miocene 11,165 
115) 1 0 1 51 MioU S | Por |13,000 65 D_ |U. Miocene 13,563 
116| 1 0 0 42 MioU S$ |25 {10,750 45 D_ |U. Miocene 11,494 
117] 19 0 0 35 MioU S | Por} 8,800 140 D | U. Miocene 12,015 
118] <9 1 1 33-52 MioU S | Por} 6,700 90 | Ds | U. Miocene 11,648 
119] 1 0 0 33 MioU : Por a aS 2 U. Miocene 10,600 
27 MioU 33 9 5 s 
120} 24 20 1 { 33 MioL S | Por} 6,150 150 De} L. Miocene sth 
35 MioU S | Por} 5,900 1 U. Miocene 11,16 
122 0 3 4 22 MioU 8 | Por} 3,074 18 | Ds | Vicksburg 9,816 
123] 0 0 1 50 MioL S | Por |10,480 35 D_ | Vicksburg 11,199 
36 Sereag Eoc : A oan a iy = iu'985 
, rta, () , ilcox 
he ig { re Wiese, 10 8 [22 8,500 400 D ¥ ar 
MioU S$ |29 700 U. Miocene A 
cae mca S frelon) i | [etme |e 
4 Cockfield, E S | Por} 8, ‘ane River 
“2: IM Oe “| [Mou «| 8 |Por| 5.500 | 35 | Ds |U- Miocene | 10,725 
129] 0 0 0 MioU S | Por |11,200 Br ise U. apeeen atl 
35 MioU S |28 | 4,100 s | U. Miocene i 
‘he ie ae 37 | | MioU 8 |32 | 8600 | 230 | D |U. Miocene | 11,440 
31 MioU S | Por} 5,220 90 D } Vickwhre 9,240 
MioU 4 . Miocene H 
eo alg ¥ Mey 8 |Por| 6149 | 250 | D |U. Miocene | 12,034 
i Rn 3 32 MioU § |Por| 8200 | 125 | D |L. Miocene | 11,386 
1 Mg eg 30 MioU 8 |Por| 4000 | 120 | Ds ; 
med L. Miocene 11,163 
136} 17} 4) 2 32-60 MioL § |Por| 9,200 | 250 | Ds : 
0 0 44 MioL S | Por |11,620 50 D_ |L. Miocene 11,960 
aS 0 41 |0.12| MioL S | Por} 9,750 35 D_|L. Miocene 10,900 
= eo al 39 | | Mio § [Por] 5342 | 20 | Dod) sr ore 
139] 2} 0} 2 { 48 Miol. $ | Por] 9,340 | 80 | Ds : , 
0 45 MioL S | Por} 9,570 10 D_ |L. Miocene 9,874 
oe a 33-461 | MioU $ |Por|10,130 | 180 | D |U.Miocene | 12,777 
lees . 18 Pili S$ |Por| 800 50 Ds - 408 
U. Miocene i 
142] 47| 27 0 24 MioU S |33 | 2,800 wre x 
30 MioU S| Por) 3,800 | 200 } | Vicksburg 9,287 
143] 48} > 12) 2 36-58 MioL § |30 | 7,050 | 350 | D : 
35 MioU S |28 | 6,400 200 Ds_ | U. Miocene 11,634 
i = ~ : 33 MioU $ |30 | 3,070 | 220 | Ds |U. Miocene | 10,395 
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TABLE 1.—(Continued) . 
Oil Production Gas Production, Number of Oil 
Total, BbL# Millions Cu. Ft.¢ and/or Gas Wells’ 
Area 1943 
Field, Parish S Proved, 
a Acres? 
> 
5 3 To End During To End During | 2 | 
4 = of 1943 1943 | of 43 | 198 | Z=/ ex] BS | 
3 &S Mor eae 
F : ee|2| a 
[->) 3 
5 = of | ooh 
146| Jennings, Acadia................ 1901 800 | 84,108,159 | 3,437,154 | 22,188 | 2,628 | 705) 1 | 5 
147| Kenilworth, St. Bernard......... |1939 320 125,526 6,027 526 0 2 0 0 
148] Krotz Springs, St. Landry......... 1942 360 14,158 13,938 286 286 1 0 0 
149] Lafitte, Jefferson. . L935 2,600 | 35,691,461 | 4,684,959 36,163 4,645 64 0 0 
150} Lafourche Crossing, ‘Lafourche. teat 1939 160 1,149,631 151,140 6,663 4,886 720) 0 1 . 
151} Lake Arthur, Jefferson Davis...... 1937 1,600 1,221,628 117,544 23,199 4,333 12 0 25. 7 
152) Lake Barre, Terrebonne...........|1929 500 17,829,181 160,543 857 76 40 0 0 
153| Lake Chicot, St. Martin.......... 1941 240 919,069 ~557,408 721 404 11 4 1 
154] Lake De Cade, Terrebonne........ 1942 120 41,720 27,130 107 102 2 1 0 
155) Lake Hermitage, Plaquemines. .... 1934 100 156,417 1,343 81.3 0.3 4 0 0 
156| Lake Long, Lafourche. Joe agate =. 3 LOE 1,000 3,252,622 825,823 46,587 19,593 18 1 0 
157| Lake Mongoulois, S#. Martin...... 1939 4 141,821 40,749 195 2,112 3 0 0 
158] Lake Pelto, Terrebonne........... 1929 200 2,884,993 401,296 1,066 260 23 2 0 
159] Lake Salvador, St. Charles........ 1940 720 2,367,070 989,622 2,197 1,090 19 2 0 
160} Lakeside (Lowry), Cameron...... . 1941 320 29,958 4721 1,679 2 4 0 0 
161] Lake Washington, Plaquemines... .|1931 200 3,350,704 146,498 7) x 7 0 0 
162} Lapeyrouse, Terrebonne...........|1941 160 0 17 0 1 0 0 
163) Lay Pice,, St: James... 04... .- 2 .|1939 160 490,235 175,339 9,235 2,158 6 2 0 
164] La Place, St. John the Baptist. .... 1938 320 221,058 75,246 11,931 4,199 3 0 0 
165} Leeville, Lafourche............... 1931 900 25,397,077 1,254,411 4,941 821 137 5 3 
166] Lewisburg, Acadia, St. os eee 1941 960 63,586 33,857 1,511 938 3 0 0 
167| Lirette, Terrebonne. . shoawent. «| LOSe 1,320 453,193 208,371 44,367 15,870 9 1 0 
168} Little Cheniere, Cameron......... 1940 80 10,079 022 211 2 0 0 
169| Lockport, Calcasiew.............. 1924 640 15,277,149 257,472 3,096 278 78 0 25 
170| Napoleonville, Assumption........ 1948 40 26,577 26,577 17 17 1 0 0 j 
171) Neale; Beauregard.....:......... 1940 3,170 3,404,130 | 1,343,620 3,334 1,906 34 | 103) 0 
172] Nibletts, Jefferson Davis.......... 1940 |Abandoned 5,390 02 0 1 0 0 
173] North Crowley, Acadia...........|1937 630 8,330,324 | 1,704,510 17,699 4,946 45 it 0 
174] Northeast Gibson, Terrebonne. .... 1941 500 1,140,876 840,734 851 637 14 8 0 
175] North Elton, Allen.............. 1939 240 59,646 24,248 2,905 1,113 3 0 0 
176| North Jeanerette, St. Mary....... 1943 40 38,869 38,869 178 178 1 1 ‘Ou 
177| North Richie, Acaiia is eee 1943 80 17,392 17,392 94 94 2 0 0 
178) North Tepetate, Acadiatnin.20 & 1938 1,600 150,645 17,591 5,148 631 7 0 0 
179} Paradis, St..Charles.............. 1939 5,760 7,671,240 | 4,172,340 6,970 3,735 64 | 13 0 
180] Pecan Island, Vermilion.......... 1943 1,800 1,329 1,329%5 200 200 3 0 0 
181} Pecan Lake, Cameron Same teterir emer tl 640 7,745 2928 201 2 2 0 0 
182) Perkins, Calcasiew............... 1939 100 5,104 5,104 207 61 2 2 0 } 
183] Pine Prairie, Evangeline. ........ 1912 720 2,552,238 1,423,503 2,190 1,455 49 | 1527] 0 
t 
184] Plumb Bob, St. Martin........... 1939 160 422.816 74,337 157 86 
185} Point au Fer, Terrebonne......... 1941 640 336 02s 99 0 2 0 o 
186] Port Allen, W. Baton Rouge...>.. |1941 240 420,578 156,759 800 218 6 0 0 
187} Port Barre, St. Landry..... 1929 500 | 12,031,553 | 1,231,063 1,638 690 8 | 4 3 


20 One dual completion. 


"1 Only produced in June—Four gas wells shut in. 


22 No production in 1943. 
23 Two dual completions. 
“4 No production in 1943. 
20 Off production in Noy. & Dec. 


°6 Produced only in June—two gas wells shut in. 


27 One dual completion. 
°8 No production in 1943. 
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Wells Prod = ee ae m 
e roduc- essure, Character eee ; , 
inga Dec. 1943 i per of Oilé Producing Formation pepo tes 
Oil > = ¥ 
$ sill 
= rong oa 
ze: Cae! ‘ aS BZ 
2 a . | Nameand Age? | . oa Bien pee Name 
E| 0/3 2 | Bl selck S iss] o2| 22 | 2 oF 
z|.a\|°s a 3 24/30 8 fd 3 oF | ta! 
| Se S | 2] & | ESiar &/2,/ 23 S| 8 asc 
2| o|s%3 S |} es] § | s.i25 SES) Be Sp | We) 
.a|&| 27 i l2=| & |o* le 6 ie"| a8 | &< | & ae 
25 MioU S | Por} 1,000 33 Ds ‘ 
| Om {| 3s MioL 8 |28 | 5400 | 500 | Ds}| Vicksburg | 10,766 
0 0 34 Miol S | Por |10,350 40 Ds_ | U. Miocene 11,469 
0 0 50 MioL 8S | Por} 9,260 70 D_ | Eocene 11,403 
6 0 37 MioU S |29 4,400 320 D_ | U. Miocene 12,115 
0 5 - oe _ — 15 M4 U. Miocene 11,000 
Mio i) A 0) 50 . 
0 5 { 54 MioL § |28 | 9.500 35 D \ L. Miocene 12,088 
17 c 30 MioU S | Por} 3,645 50 Ds _ | Salt 11,333 
0 0 40-60 MioU S | Por} 7,200 120 D_ | L. Miocene 11,980 
0 0 35 MioU S | Por |10,200 30 U. Miocene 13,417 
3 0 31 10.06, MioU S | Por} 3,190 69 Ds_ | U. Miocene 9,786 
0 7 36-51 MioU S$ | Por} 9,070 210 D_ | U. Miocene 11,347 
0 2 DS ag : i ve 60 Ds L. Miocene 10,778 
i 5 or} 1, 25 Is . 
he { 34 MioU S |Por| 5.200 | 290 De} U. Miocene | 11,478 
19 0 0 34 MioU S | Por} 9,600 136 D | U. Miocene 11,063 
0 0 0 50 MioL S | Por} 9,820 150 D_ | L. Miocene 11,059 
7 0 0 18 (0.73) Cap Rock L | Cav} 1,150 Ds_ | U. Miocene 6,445 
0 0 0 37 ro : i oo a U. Miocene 10,942 
39 MioU é (0) . 
sj aie { 37-53 MioL S$ |Por|10,132 | 75 D} L. Miocene | 11,851 
if 0 0 3 54 MioU 8S (32 8,100 40 D_ | L. Miocene 11,005 
4 9 51 1 MioU S | Por} 2,930 986 Ds_ | L. Miocene 11,065 
ty Oly 2 53 MioL § |30 | 9,090 | 40 | Ds | Oligocene? | 10,782 
yf 0 0 7 51 |0.34) MioU S | Por} 8,450 100 D_ | U. Miocene 12,165 
Le: 0 0 0 47 ote j = eo 10 2 U. Miocene 10,655 
a 23 Pli or | 1, Is 
2 a) 18 7 32 MioU S$ | Por| 5,300 bel Salt 8,187 
ty 0 41 MioL S | Por} 6,400 40 Ds 
1 0 37 MioU S | Por} 9,030 10 Ds_ | U. Miocene 11,128 
, 23 5 0 37-46 Wilcox, Eoc S |22 | 8,300 150 Ds _ | Cretaceous? 12,584 
i 0} Oo} (CO 42 MioL, § Eee 11,600 16 Ds L. Miocene _| 11,748 
- 38 |0.17| MioU or | 7,1 26 Ss : 
* 4) a {| 38 MioL S |Por| 7744 | 100 | Dt |E be ag Me eh 
* 14 0 0 37 MioU 5S (32 | 8,370 220 D | U. Miocene 10,535 
x o 6} 2 53 MioL $ |Por| 7,400 | 15 | D |Vicksbure | 9,010 
2 | a ae 34 MioU $ |Por|11,457 | 10 | D |U. Miocene | 12,261 
a 2 0 0 37 MioL S | Por} 8,580 25 D | L. Miocene 9,909 
x Onavupy 4 44-55 MioL S |30 | 7,900 | 90 | D | Marginulina | 9,487 
‘4 57 0 0 37 MioU S |25 | 9,550 300 D | U. Miocene 11,555 
a ue of 0 37-50 MioU § |Por| 7,500 | 160 | D |U. Miocene | 12,057 
aa Oh» Ol 0 46 MioU $ | Por |10,140 45 D |L. Miocene | 10,140 
e ol h(t Co - | 95 MioL - § |Por| 5,367 | 15 | D | Cockfield 9,450 
. 40 Cockfield, Eoc S |Por| 7,530 | 40 | Ds)|__ 
Ze 0 0 40-47 Sparta, Eoc S | Por} 7,875 80 Ds > | Wilcox 10,850 
Wilcox, Eoe S | Por 10,062 250 Ds ; 
t 1 0 34 MioL 8 |24 8,300 60 Ds | L. Miocene 9,771 
a o| =O 57 MioU § |Por| 5,608 | 30 | D |U. Miocene | 11,732 
1 0 MioL S$ |30 | 9,100 60 D_ |L. Miocene 10,044 
. icy Dig Pea Bese ae 
MioL 5 s ; 
ss 1 ae, Olig § | Por| 3.600 20 Ds L. Miocene 8,376 
cm 36 Claiborne, Eoc § | Por} 5,116 20 Ds 
a ; 
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PETROLEUM PRODUCTION IN LOUISIANA FOR 1943 


eos é 
oO 
SSDS | Line Number 


192 


Oil Production Gas. Production, 
Total, Bbl.¢ Millions Cu. Ft.¢ 
Area 
Field, Parish os Proved, 

S Acres? 

8 To End During To End During 

A of 1943 1943 of 1943 1943 

S 

5 

o 

I 
Potash, Plaquemines..........--. 1937 200 2,341,085 694,574 1,372 626 
Quarentine Bay, Plaquemines..... 1937 1,700 9,706,253 2,556,460 8,997 3,022 
Rabbit Island, Jberia............. 1942 320 691 69129 56 56 
Raceland, Lafourche..............|1988 520 3,145,672 771,314 8,244 1,586 
Reddell, Huangeline...........-.. 1943 80 7,196 7,196 76 76 
Richie; Acadian. si..20s Oks dea ce 1941 320 635,454 227,085 8 0? 
Roanoke, Jefferson Davis......... 1934 1,080 10,355,826 602,282 23,873 2,649 
Rosedale, Iberville. .............- 1943 40 5,738 5,738 2 2 
St. Gabriel, Jberville.............. 1941 1,290 3,616,397 1,733,007 1,582 940 
Dt. dames, St. James. -so2-+-10.0 -- 1943 120 4,561 561 161 161 
St. Martinville, St. Martin........ 1935 80 1,351,805 57,057 425 18 
Section 28, St. Martin............|1940 120 47,965 12,432 194 3 
Shuteston, St. Landry.......... 1943 40 15,118 15,118 60 60 
Sorrento, Ascension............. 1928 100 1,224,320 33,076 42 2 
South Crowley, Acadia........... 1938 200 129,360 12,365 132 28 
South Elton, Jefferson Davis... .. .|1937 640 68,536 3,46730 1,871 76 
South Houma, Terrebonne....... 1938 80 641,055 67,185 2,875 473 
South Jennings, Jefferson Davis... .|1936 1,500 217,981 76,681 35,507 17,062 
South Lewisburg, Acadia......... 1943 40 1,369 1,369 17 17 
South Thornwell, Jefferson Davis. .|1942 320 1,759 1,22131 113 78 
Starks, Calcasteu................ 1925 150 3,675,272 196,247 34 4 
Stella, Plaquemines...............|1940 500 644,012 236,917 638 118 
Sulphur Mines, Calcasiew........- 1926 200 17,466,115 746,237 1,539 213 
Sweet Lake, Cameron............ 1926 200 6,780,573 648,445 1,118 87 
Tepetate, Acadia................ 1935 1,000 12,326,420 896,690 65,565 7,227 
Timbalier Bay, Lafourche......... 1938 80 267,126 25,653 33 
University, H. Baton Rouge....... 1938 940 14,889,602 2,897,368 22,526 5,678 
Unknown Pass, Orleans........... 1941 |Abandoned 9,031 7622 52 2 
Valentine, Lafourche............. 1936 220 5,562,364 148,682 2,163 93 
Venice, Plaquemines. ON cre eee EER 520 6,634,914 2,130,507 5,787 1,942 
Vermilion Bay, Iberia............ 1939 80 501,151 109,457 745 239 
Ville Platte, Evangeline........... 1937 5,200 25,665,525 4,451,446 163,370 39,508 
Vinton, Calcastew. .oc...ce secu - 1910 680 44,185,493 664,652 198 172 
Welsh, Jefferson Davis............}1902 200 708,183 15,856 275 ll 
West Bay, Plaquemines...........}1940 680 2,052,861 885,467 2,300 967 
West Cote Blanche Bay, St. Mary.|1940 680 1,586,885 663,934 1,357 661 
West Gueydan, Vermilion........ 1938 300 959,486 262,058 1,072 634 
West Hackberry, Cameron........ 1927 680 11,726,449 1,957,462 5,225 1,047 
West Lake Verrett, St. Martin..... 1938 880 2,675,888 843,696 6,819 2,181 
West Mermentau, Jefferson Davis. .|1940 400 59,040 25,602 2,216 984 
Westwego, Jefferson..............|1941 120 256,545 117,331 1,329 467 
West White Lake, Vermilion...... 1943 160 0 0 
White Castle, Zberville............/1929 580 7,374,752 1,279,161 3,653 939 
Woodlawn, Jefferson Davis........ 1938 1,100 4,523,176 947,431 26,860 6,102 


29 Produced only in January and February. 
30 Produced only last three months of 1943. 


t Produced only in June, July, August, September. 
32 Abandoned in January, 1943. an an ae 
3 Ten dual completions. 


34 Three new wells dual completed and four old wells dual completed. 


Number of Oil 
and/or Gas Wells/ 


1943 


of 1943 


Completed to 
End 


me bo 
ao 


war 
Co HB COR © COOSOOOHOOOOHS | Abandoned 


bo 
a 


w rw 
a 


RP OrFeFNDm we COS 


467 | 16 | 15° 


aS Sty 


5 


aD een TNL tN 


Sus 


CN RINE IO AL EY ROAR 


% J. HUNER, JR., L. C. AYCOCK AND P. M. LYONS 343 
TABLE 1.—(Continued) 
Wells Produc- Character ‘ 5 D t Zone T 
ing? Dec. 1943 of Oil’ Producing Formation ad of nk 
= = ~ 
Ee =| 8 
S Eig 
3 | eR 
ke : a. 
3 a Py Name and Age? | . Sl hacen Eye Name 
5 Bde los Sls] 32] Se] & st 
a 3 Be ry Ele) 3 23 £5 3 aes te ge 
g 5 | 22 (55 SlEs| 2] SP 3 ae 
a BIO 1A™ Sia} an | as) st as 
188 3 0 28 j0.1 | MioU S |Por| 688 | 160 Ds | U. Miocene 10,027 
189 1 0 34 MioU S or | 7,690 220 D | U. Miocene 10,536 
190 0 0 MioU S | Por] 8,670 30 D | U. Miocene 9,930 
191 0 2 36 MioU S | Por] 7,200 90 D_ | U. Miocene 12,196 
192 0 0 57-58 ——- Eoc S | Por] 9,905 40 DF | Wilcox 12,200 
193 8 0 ioU S | Por| 3, 15 D_ |L. Miocene 9,111 
194 8 2 33-57 MioL S |26 6,260 360 D_ | Vicksburg 10,750 
195 0 0 34 MioL S | Por |10,009 10 D_ |L. Miocene 10,533 
196 1 0 33 MioL S |28 | 7,700 | 250 D_ |L. Miocene 10,542 
197 0 1 51 MioL S | Por |10,700 30 D_ |L. Miocene 11,068 
198 0 0 1 MioU S | Por} 5,500 50 D_ | L. Miocene 9,645 
199 0 0 27-47 MioL S | Por }10,200 50 D_ |L. Miocene 11,303 
200 0 0 38 MioL 2 “in! we re = Eocene? 11,505 
23 Pli or s ‘ 
20 2 0 24 MioL S | Por 4,300 20 Ds } L. Miocene 8,004 
29-53/0.1 | MioU S |25 364 Suk 
as Whey MioL § |Por| 8900 | 17 D} Marginulina | 10,272 
203 0 1 50 MioL S [30 8,950 30 D | Claiborne 13,210 
204 0 0 37 [0.1 | MioU : 7 — a : U. Miocene 11,344 
50 MioU . ee 
a oS 50 MioL Sst | sso | 30 | D}|Marginutina | 10,953 
206 A 0 60 MioL S |27 |10,306 50 D_ |L. Miocene 10,504 
207 0 1 53 MioL S | Por| 9,625 17 D_ |L. Miocene 10,325 
18 Pli S |Por| 570 20 Ds 
20: 22 0 18 MioU S |Por| 740 60 pe L. Miocene 11,344 
20-40 MioL S | Por} 3,986 110 Ds 
209 0 40 |0.12) MioU § [32 sas 4 £2 U. Miocene 10,807 
27 MioU S | Por} 2,760 S : 
e ° 17-40| | MioL S |Por| 4100 | 180 | Ds}|2- Miocene | 7.563 
211 0 30 MioU S | Por} 5,600 350 D | L. Miocene 9,179 
212 1 41 MioL S |25 8,300 120 D_ |L. Miocene 10,598 
213 0 27 MioU S | Por Speed ion . Salt 8,727 
3 MioU S |35 900 : 
214 3 = MicL § | Por! 9,300 150 D } L. anes 10,362 
215 0 52 MioL S | Por} 9,890 10 D_ |L. Miocene 10,405 
216 0 33 MioU. . S | Por} 3,800 350 Ds |L. Miocene 10,357 
217 0 41 MioU S |30 | 3,600 800 Ds_ | U. Miocene 11,402 
218 0 33 MioU S |29 ae es * U. Miocene 11,603 
40-60 parta, Eoc § 21 , . 
219/152 20 a al Wome ee eat repel nags D | | Wilcox 12,527 
22 MioU S |Por| 1,850 | 135 | Ds}|guy aves 
= 0 31-40| | Miol, 8 |Por| 4,700 | 690 | Ds 
Pli S | Por} 1,200 Ss 
= 0 s7-49| | Miob § |Por| 6120 | 110 | Ds§| Hackberry | 10,358 
222 0 34 MioU § |Por| 6,260 | 100 | Ds | U. Miocene 10,795 
223 1 21-34 MioU S |Por| 2,000 | 270 Ds_ | U. Miocene 10,188 
39-62 MioU S | Por) 6,600 50 D1IL. Miocene 11,000 
ig 0 37-40| | MioL § | Por 10,000 | 110 | D 
21 MioU 8 [25 | 3,050 | 39 | Dstiz, Miocene | 10,010 
| i 31| | MioL § /30 | 4150 | 400 | Ds§|& Mi 
226, 1 24-37 MioU § |28 1,300 369 D_ | U. Miocene 11,890 
227 3 47-57 MioL § | Por} 9,100 ” w Z rene fe 
i 0 . Miocene i 
on : a Nighy aS ae eg: D_ | U. Miocene 12,000 
i S82 | 5,150 196 Ds A 
230 0 a Ae 8 |Por| 9320 | 30 | Dsj |Z: Miocene | 10,285 
231 6 34-51 MioL 8S |30 | 7,480 250 D_ |L. Miocene 10,194 


374 


Cypress Bayou, La Salle Parish.—One new 
Wilcox sand discovered; producing area defined 
on southwest by dry Wilcox test }4 mile south- 
west of production. 

Driscoll, Bienville Parish—Production de- 
fined by a 7000-ft. dry test drilled on the south 
flank approximately 14 mile south of the 
producing area. 

Elm Ridge, La Salle Parish—Producing area 
defined on north by dry Wilcox test (4820 ft.) 
14 mile from production. Production confined 
to one well; one dry hole previously drilled on 
southwest. 

Haynesville, Claiborne Parish —Of 25 wells 
drilled in Louisiana, 23 were completed in the 
Pettit zone as oil wells and two were aban- 
doned as dry. Pettit production gradually 
extended 14 mile north in Arkansas; Louisiana 
producing area defined by 5500-ft. noncom- 
mercial well (lack of porosity and permea- 
bility) offsetting production on the northeast 
(sec. 1, T. 23 N., R. 8 W.), and by 5494-ft. dry 
well on the southwest (sec. 17, R. 23 N., R. 
8 W.). 

Homer, Claiborne Parish—Deep test drilled 
within the old shallow producing area com- 
pleted in the Cotton Valley at 4300 ft. as a 
high-ratio oil well. This well tested several 
other sands in the Cotton Valley formation; 
Eagle Mills salt was encountered at 5985 feet. 

Lake Bistineau, Bienville Parish—Gas pro- 
duction extended 134 miles northwestward on 
west flank of structure. 

Lake St. John, Concordia Parish.—Field ex- 
tended 14 mile northwest, east, and southeast. 
First well completed in the Tuscaloosa forma- 
tion (previously tested 1942) during 1943. 

Lisbon, Claiborne Parish—Gas-condensate 
production in the Cotton Valley formation ex- 
tended one mile southeast. New Cotton Valley 
sand found productive of gas on upthrown side 
(north side) of east-west major fault. This new 
sand extends the Cotton Valley producing 
area 2 miles northeast, suggesting that the 
Lisbon field may connect with the northeast 
Lisbon field now only 2 miles east of Lisbon 
production. 

Logansport, De Soto Parish—Producing 
area extended one mile northeast. 

Manifest, Catahoula Parish—Production 
defined by three r80o-ft. test wells offsetting 
the producing well on the east and west; now 
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defined on all sides except south. The field 
produces from only one well. 

Nebo-Hemphill, La Salle Parish.—Several 
locations within producing area drilled for 
production; second Cockfield sand pumper 
(10 bbl.) completed about 14 mile northeast 
of the first (southwest flank of structure); field 
defined by dry Wilcox tests on northwest, 
northeast, east, and southeast flanks. 

North Carterville, Bossier Parish Extended 
from 4 to 144 mile in all directions from dis- 
covery well. 

Red River-Bull Bayou, Red River and De Soto 
Parishes —Deep test (5196 ft.) drilled on 
Coushatta anticline (lobe on east flank of Red 
River-Bull Bayou structure) about 214 miles 
east of old shallow producing area, plugged 
back and completed as a small gas well at 
toso ft. (Nacatoch sand); this production 
probably is separated from production at Red 
River-Bull Bayou, but is characteristic of the 
small gas pockets associated with the Nacatoch 
sand over the Sabine uplift; as such it is of 
minor importance. 

Shongaloo, Webster Parish—Deep test (6032 
ft.) drilled to Pettit lime abandoned as dry. 
A show was tested in the Pettit; attempts to 
acidize the formation were not successful. The 
well also tested the Rodessa formation. 

Sugar Creek, Claiborne Parish—Oil-produc- 
ing area (Hosston formation) extended 14 mile 
southeast. Production defined on north flank of 
dome by two 6000-ft. dry holes 14 mile north 
of producing area. 

Summerville, La Salle Parish-—Production 
defined by 3175-ft. Wilcox test well on south- 
east flank of structure, 14 mile southeast of 
production. 

Willow Lake, Catahoula Parish—Dry Wilcox 
test (5870 ft.) drilled 44 mile northeast of 
producing area. Production now defined on all 
sides except west. 

Zenoria-Little Creek, La Salle Parish.—Pro- 
duction more completely defined by three dry 
Wilcox test wells (2500 to 3000 ft.) on south- 
west flank of structure, all of which are 
approximately 14 mile from production. 


South Louisiana 


Seventeen new fields were found in south 
Louisiana during 1943; eight oil fields and 
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six gas fields. Data available concerning 
these fields are as follows: 


Arnaudville, St. Martin Parish—The dis- 
covery well found gas condensate in a sand at 
10,350 ft. This field is an old prospect on which 
a number of wells have been drilled and aban- 
doned above the depth of the presently pro- 
ducing sand. 

Bear, Beauregard Parish—vThe discovery 
well found oil in the Lower Miocene at 6500 ft. 
Subsequently, a second sand containing gas 
was found at 6100 ft. The field has now been 
extended 14 mile in all directions from the dis- 
covery well and defined on the northeast and 
southwest flanks by dry holes. 

Big Lake, Cameron Parish—This field was 
discovered in 1935. A gas well and four oil 
wells were completed. The field was aban- 
doned in 1939. During the past year, the 
rediscovery well, approximately 500 ft. south 
of the abandoned producing wells, found oil 
at 8570 ft. This well was completed at a depth 
comparable to that of the former producing 


~ sand. 


Church Point, Acadia Parish—The discovery 
well found gas-condensate at 10,300 ft. in the 
Tweedel sand, which is also productive of gas- 
condensate in the Lewisburg field 114 miles to 
the north. 

East Gibson, Terrebonne Parish.—The dis- 
covery well found oil at 9280 ft., about one 
mile east of the Northeast Gibson field. No 
structural relationship has been established 
between these two fields, but apparently they 
are both related to the Gibson field proper. 

Egan, Acadia Parish—The discovery well 
found gas-condensate at 10,600 ft. Production 
was subsequently extended 14 mile to the 
northeast by a second well. This field is an 
old prospect. 

Fields, Beauregard Parish—tThe discovery 
well found gas-condensate production in the 
Cockfield formation at 8000 ft. Subsequently, 
a dry Cockfield test was drilled 14 mile south- 
west of the discovery well. The field is an old 
geophysical prospect, first drilled in 1934. 

Hope Villa, East Baton Rouge Parish—The 
discovery well found oil at 9568 ft. The com- 
pletion in this area extends the Miocene 
trend into. the Florida Parishes and should 
stimulate considerable interest in the general 


area. 
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Napoleonville, Assumption Parish—The dis- 
covery well found oil at 9000 ft. on the east 
flank of the dome. The dome was discovered 
in 1926, and a number of unsuccessful sulphur 
and oil test wells were drilled before production 
was obtained. This field places Assumption 
Parish in the list of the oil-producing parishes 
of Louisiana. 

North Jeanerette, St. Mary Parish.—The pro- 
ducing well, one mile north of the Jeanerette 
field, found oil at 11,450 ft. Production already 
has been defined by dry holes 2000 ft. north- 
west and 1200 ft. east of the discovery well. 

North Richie, Acadia Parish—The discovery 
well found oil at 8586 ft. in Lower Miocene 
sands. The field, in which there are now 
approximately 200 proven acres, is one mile 
north of the Richie field, where production is 
obtained from the Upper Miocene section at 
approximately 3500 feet. 

Pecan Island, Vermilion Parish.—The dis- 
covery well found gas-condensate at 10,800 ft. 
Subsequently, a well was drilled one mile 
northeast, where a new gas-condensate sand 
was found at 7515 ft., and a well was also 
drilled 114 miles west, where another conden- 
sate sand was found at 10,279 feet. 

Reddell, Evangeline Parish—The discovery 
well was completed as an oil well in the 
Sparta formation at 10,000 ft. This well also 
tested oil and condensate in the Wilcox. Sub- 
sequent development has extended Sparta 
production one mile eastward. This field is an 
old geophysical prospect first tested in 1935. 
Two other tests were also drilled prior to the 
discovery well into the Cook Mountain forma- 
tion and the Wilcox. The major structural 
feature of the field seems to be a large fault 
extending in a northeast-southwest direction. 
Two sands are presently producing from the 
Sparta, which seem to correlate well with the 
Haas and Tate sands of the Ville Platte field, 
which is about 12 miles northeast of Reddell. 

Rosedale, Iberville Parish.—The discovery 
well, which originally was drilled to 10,008 ft. 
in 1939 and abandoned, was reworked and com- 
pleted as an oil well at 10,000 feet. 

St. James, St. James Parish.—The discovery 
well found gas-condensate at 10,763 ft. Sub- 
sequently, a dry hole was drilled 14 mile north 
of the discovery well, and another test 4 mile 
south was junked because of an unsuccessful 
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TABLE 2.—Wildcat Wells Completed in Louisiana during 1943 
we eee 


Location Date | Total A Garioned 
Parish and Operator Lease and Well No. Aban- |Depth, andone! Remarks 
< doned | Ft. ws 
Sec. | Tp. | Rge. 
Norra Louisiana 
Bienville Parish A 
1 Chas. C. Lowrey...... A. P. Madden No. 1 3 |16N|] 8W| 9/11/43] 2,110] U. Cre toes Rpt 
salt dome 
2 Mid Continent Petr. | J. R. Jordan No. 1 30 | 16 N| 5 W{11/20/48] 7,434] Sligo 4 miles SE. of Bear 
Corp. Creek field 
i ish : 
Fae et ee aid de HObE | Funct Ned 25 | 21.N|14W{12/ /43| 1,002| Nacatoch _| Show of oil at 996 ft. 
Ehrhardt : , (Nacatoch sd.) 
4 Bering Oil Co......... Eliz. N. Moresi No. 1 10 | 22 N| 14 Wj] 2/23/43] 3,062] U. Cre 
5 Carter Oil Co..::....- §. H. Bolinger & Co.} 20 | 22 N| 11 W|12/ 1/43] 10,000] Cotton Valley| 4 miles 8. of Carter- 
No.1 ville-Sarepta field 
6 Hunt Oru opesseemtee Pardee No. A-1 18 | 23 N} 11 W] 6/ /48] 6,088] Sligo 3 miles SE. of N. Car- 
Be aun — oe 
British American OilCo.} K. H. Blocker Est. 1 | 22 N]} 13 W] 2/ 3/43] 6,518} Sligo I en over by E. C. 
7 ritish American Oil Co. No.1 Johnson (5-23-43); 
attempted to com- 
plete in oe 
temporarily abd. 
8/ /48 
8 D. C. Richardson. .... J. foe haa et| 25 |19N/11W/12/ /43) 6,629) Hosston eo SE. of Bellevue 
al. No. 1 e. 
9 W. K. Rowe et al..... W. iH. Antrim No.1 | 22 | 22N/13W{10/ /43) 3,101] U. Cre Es aban- 
one 
10 A. D. Simpson et al. ..} Fenet No. 1 25 |21N/14W| 7/ /43| 1,083] U. Cre 
11 Hugh M. Sneed & A. ‘ 
B. Maynard.. ..| Thigpen-Herold No.1} 15 | 20 N|13W| 9/ /43] 3,300} U. Cre 
Caddo Parish : 
12 C. W. Beene..........| Bostwick et al. No.1} 11 | 18 N| 15 W| 1/10/43} 1,038/U. Cre ole of Shreve- 
port 
13 Durbin Bond......... D. A. Simpson No. 1 17 | 16 N} 16 W| 7/19/43] 6,172) Hosston 
14 H. C. Owens et al..... Caddo Levee Board | 12 | 22 N|} 16 W] 6/18/43} 1,100} U. Cre 1 mile N. of Vivian 
No. 1 arces beth 2 
Island fiel 
15 H. C. Owens et al... .. Cate Ee Board| 12 | 22N/16W| 7/ /43) 6,010] Sligo Presb = oy apo k 
o. 1- o! o-Pine Island 
Se 2 structure 
16 H. C. Owens et al... .. Paul Dominick No. 1 7 | 22 N| 14 W| 6/ 4/43] 6,010) Sligo “Pettit” test on NE. 
flank of Caddo-Pine 
Island structure 
17 H, C. Owens et al... .. Fuller No. 1 4 |22N/15 W| 8/ /43] 6,269) Hosston? Temporarily abd.; 
° “Pettit” test on N. 
tye Caddo-Pine 
Caldwell Parish piper 
18 R. L. Holeomb........ lee egy Oil& Gas} 38 | 13N| 3E| 2/ 1/43) 3,496] Midway 
19 Tom L. Sessions....... oe Central Lbr. Co.| 27 | 12N| 3E| 5/18/43] 7,003] Mooringsport | Tuscaloosa test 
20 Youngblood-Force. .... re “central Lbr. Co.| 18 | 14.N| 3E] 6/ 4/43] 6,500} Mooringsport | Tuscaloosa test 
Catahoula Parish _ ; 
21 The California Co..... H. C. Eckhardt No.1} 12 | 9N| 7E| 6/27/43] 5,860 Midway MS test on Sicily 
22 Sinclair Prairie Co.....| State Lease 465 No.1] 30] 9N|] 7E |. 0/28/43 8,700} Mooringsport emalies oe on 
Wallace Ridge pros- 
23 Jim McMurrey........ H. M. Marks No. 1 11 | 9N} 8E/10/27/43} 4,620] Wilcox “ay 
24 G. C. Gilger & F. R.] W. 8. Peck No. 1 41/10 N| 8E] 3/29/48] 5,935! Midway Wilcox test on Sicily 
Jackson Island prospect 
Sky Mee ei aay prospec 
25 enedum-Trees Oil Co. Vaughn No. 1 23 | 23. N| 5 W) 7/26/43} 7,501] Cotton Valley 
26 Gulf Ref. Co., G.P.D.. . fe Miller et al.| 14 | 20 N| 8 W| 3/30/43] 10,761] Cotton Valley eee SW. of Homer 
27 E. C. Johnston... .... C. Tims No. 1 12 | 21 N| 7W)10/ /43) 6,009] Hosston yes i on NE 
flank of Homer struc- 
ture; 3 miles from 
28 F. R. Sylvester 8. P. Meadows No.1] 23 i beodareon 
. R. Sylvester........ ral ows No. 22 N| 7W} 2/17/43} 6,010} Sligo 4 miles NE. of Homer 
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TABLE 2.—(Continued) 
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Parish and Operator 


Lease and Well No. 


Sec. 


Location Date 
Aban- 
Tp. | Ree. doned 


Total 


Concordia Parish 


29) Gulf Ref. Co., G.P.D. 
& Danciger Oil & Ref.| H. G. Nelms “A” 
; OR meena Nie s ccs 46 No. 1 
= 30 Gulf Ref. Co., G.P.D. 
Z a Oil & Ref.|} H. G. Nelms “A” 
Pee Satish oe 0. 
31 Northern Ordinance, | General American Life 
i” Inc. Ins. Co. No. 1 
De Soto Parish 
32 M. E. Brooks......... Jordan Heirs No. 1 
$ 33 Crosby Drill. Corp....| W. M. Anders No. 1 
34) ~~ Grand Cane Oil & Gas 
@Oi5 ae... 2 <2 OO Neal No.1 
35 Grand Cane Oil & Gas | Union Central Life 
Co. Ins. Co. No. 1 
36 A. W. Phillips. ....... W. M. Pollock No. 1 
East Carroll Parish 
mm 37 Hunt Oil Co,......... —— Land Co. 
No. 1 
‘. Franklin Parish 
= 38 C. H. Murphy Jr..... peels et al. 
34 No. 
oH ~ 39 Sohio Producing Co.... 7 pe E. Splane 
: 0. 
i Grant Parish 
4 40 Sohio Producing Co....} Colfax Lbr. & Creo- 
. soting Co. No. 1 
5 41 Youngblood-Force. ... . Colfax Lbr. & Creo- 
= soting Co. No. 1 
‘: 42 Youngblood-Force..... Urania Lbr. Co. No. 1 
3 Jackson Parish 
’ 43 Mid-Continent Petr.| Tremont Lbr. Co. 
id Corp. No. 1 
’ La Salle Parish 
44 PAG Co ee W. E. Harris No. 1 
ad Morehouse Parish 
*- 45| McElreath, Suggett, | Bonita Lbr. Co. No. 1 
4 a & Pendleton, 
° 2 46 K. E. Merrin et al....| Bonner Memorial 
3 o. 1 
= 47 Sohio Producing Co....} Carter Oil Co. No. 1 
© 48| The Texas Co.......... Louisville Cooperage 
7 Co. No. 1 
- 49| ~—- Union Producing Co... | Crossett Tim. & Dev 
Z Co. Unit A-3 
” 50 Union Producing Co...| Crossett Tim. & Dev. 
if Co. No. C-1 
3 Natchitoches Parish _ . 
- d1 Bayou Pierre Oil Co...| B. L. Brown No. 1 
4 52| Blackwell Oil & Gas Co.| D. Pardee No. 1 
53 E. H. Demetrio....... Cunningham No. 1 
2, 54 O'Meara Bros.......-- aa Savings Bank 
0. 
3 55 Howard Youree......- Reed No. 1 
‘ Ouachita Parish 7 ~ a 
Ss 56] Westgate-Greenland Oil] Louis Werner Sawmill 
4 ‘ Co. et - Co. No. 1 
Be Rapides Paris 
P) 57 Moran Oil Co......--- Meeker No. 1 
Red River Parish 
é 58 Cryer & Reese.....--- A. M. Adams No. 1 
59 Cryer & Reese.....-.- Roy Bramburg No. 1 
4 60 Cryer & Reese.....--. Long 7 Lbr. Co. 
| 0. 
7 61 O’Meara Bres......--- Franklin Realty Co. 
} : No. 1 
zi 


<. 


a ee 


IN| 8E /10/18/43 


2N| 8E |11/29/43 
TN] 7E| 4/ 8/48 


13 N 
11N 
12N 
13 N 
13 N 
22.N 


13 N 
12N 


8N 
7N 
7N 
15 N 


11N 


22N 


14W 
14W 


7/22/48 
4/26/43 
15 W 
14W 
12W 
1BE 


7/ 8/43 
6/  /48 


7/ /48 
8/ 3/43 


7E 
8E 


4/28/43 
4/24/43 


3W 
3W 
5W 
3W 


5/29/43 
9/21/43 
7/16/43 
9/30/43 


3 E | 5/15/43 


9E} 7/14/48 


7E| 1/ 8/48 
6E| 6/20/43 
9 E |12/28/43 
6E} 6/11/43 
6E |12/ 1/43 
8 W| 5/ 4/43 
6 W) 1/ 7/43 
8 W]11/29/43 
5 W| 6/15/43 
8 W] 4/27/43 
2E }10/ 9/438 


8/17/43 
4/27/43 
6/ 4/43 
2/11/43 


3/16/43 


Depth, Abandoned iterrarks 

re. in 

9,838] Midway 

9,409] Midway 

6,000] Wilcox 

3,100] L. Cre 3 miles NE. of Grand 
Cane field 

6,327| Hosston “Pettit” test on Spider 
anticline 

5,423] Rodessa 

3,100] L. Cre Temporarily aban- 

; doned 

3,100] U. Cre 

7,076| Jurassic 

4,015| Wilcox 

5,066] Wilcox 

4,728] Midway 

4,975| Midway 

4,573) Wilcox 

8,314] Hosston L. Cretaceous test 
drilled on Jonesboro 
prospect 

4,066] Midway 4 miles E. of Standard 
gas field 

6,023) Smackover Jurassic test on ‘““Mon- 
roe uplift”’ 

6,204] Buckner Jurassic test on “Mon- 
roe uplift” 

6,005] Jurassic Jurassic test on “Mon- 

. roe uplift” 

5,450) Smackover Jurassic test on ““Mon- 
roe uplift” 

6,225] Jurassic 1 mile NE. of Beek- 
man gas field 

6,115] Cotton Valley] 4 miles NE. of Beek- 
man gas field 

1,505] U. Cre 

6,510] Rodessa Black Lake area 

2,510] U. Cre 

5,200] Wilcox 

3,948] Cretaceous 

6,029] Hosston? 

8,142] Wilcox Le Compte prospect 

2,015] U. Cre 

1,991] U. Cre 

2,500| U. Cre 

3,244| L. Cre 1.5 miles NW. of Lake 


End field 
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PETROLEUM PRODUCTION IN LOUISIANA FOR 1943 


ae Date | Total 
Parish and Operator Lease and Well No. Aban- |Depth, stanton Remarks 
doned | Ft. 
- Sec. | Tp. | Rge. 
62 H B. Ownby Drill. ; 
ee vs op ti i .| A. N. Sample No. 1 3 | 14. N] 11 W| 3/21/48] 6,010] Sligo 
63 tgate-Greenland Oil 
Mee a : me ae ; fi Westdale Corp. No.1] 29 | 14 N| 11 W| 3/25/43] 3,010) L. Cre 
i Parish . 
64 pace neh etal Petr. | D. R. Sartor No. 1 9|16N| 6E]| 3/12/43) 4,782) Hosston L. Cretaceous test in 
Corp center of Richland 
i abd. gas field 
Sabine Parish 
65 ; "Bron Woods UDR reane D. M. Foster et al.| 35 | 6N| 13 W] 1/14/43] 4,508] L. Cre 
No. 1 
66 Mid-Continent Petr.|La. Long Leaf Lbr.| 28 | 7N|12W/12/ /43) 5,002) L. Cre 
: 3 Corp. ne Fs Co. No. 1 
6 t Oil Corp. ; 
"Createy Drill Cops .| R. J. Lewis No. 1 4 | 5N|12W| 8/24/48} 3,200} Midway Negreet area 
68 Seaport Oil Corp. & : 
Crosby Drill Corp...| J. K. Phares No. 1 4 | 5N|12W| 4/17/48) 2,493) Midway Negreet area 
69 Seaport Oil Corp. & ; 
Crosby Drill Corp...| J. K. Phares No. 2 4 | 5N|12W| 6/15/48) 2,503) Midway Negreet area 
Tensas Parish E i 
70 Continental Oil Co.... a Trimble et al.| 18 | 14.N|12E| 1/ 1/43) 5,293) Midway 
o. 1 
71 Youngblood-Force..... Ayer Timber Co.No.1} 21 | 14 N| 10 E /10/13/43| 4,420) Midway 
Union Parish f 
72 cen seine Re eee on et Frost Lbr. Co. No. 1 18 | 23 N| 1E} 2/16/43) 8,169] Cotton Valley) Jurassic test in old 
Oakland oil field 
Vernon Parish , 
73 WaiSeiomith’ aay teet Nona Mills No. 1 31 | 3N/11W) 9/ /43) 4,515) Wilcox 
Webster Parish 4 
74 R. J. Montgomery et al.| Hortman No. 1 31 | 20N/10W/i1/ /43| 642) Sparta Tepere ds aban- 
on 
75 J. I. Roberts et al..... J. W. Garland No. 1 24 | 22.N| 9W! 7/24/43] 3,025) Brownstown . 
76 HH. Temple......... Woodward & Walker 9/17N| 8W| 4/ /48] 1,400] U. Cre Temporarily aban- 
No. 1 doned 
West Carroll Parish 
77 Continental Oil Co... . gee Peace Lbr. Co. 6 |20N} 9E} 5/ 1/43] 2,640) Hosston? Core test 
0. 
78 Continental Oil Co. ... Ee pers Lbr. Co. 4|120N| 9B} 5/16/43] 2,682) Hosston? Core test 
0. 
79 Continental Oil Co... . Fike Peers Lbr. Co. 2|)20N; 9E} 6/ 3/43] 2,698 to Gas | Core test 
. 0. oc 
80 Continental Oil Co.... Ae Ne Causey et al.| 10 | 20N| 9E| 4/26/43] 2,882} Hosston Core test 
0. 
81 Placid Oil Co......... J. R. McIntosh No.1] 22 | 22 N| 10E |12/14/43] 5,813) Smackover 
82 RW; Williams)... B. W. Marston, Trust| 14 | 19 N| 10E) 7/ 5/48} 2,780) Hosston 1 mile SW. of Epps 
No. 1 gas field 
Winn Parish 
83 Mansfield Hdw. Lbr. | Mansfield Hdw. Lbr. 8 |12N| 4W)] 5/ 7/43] 6,334] L. Cre 2 mile NE. of Calvin 
Co. Co. No. 1 gas-condensate field 
Sours LovtstaNa 
Acadia Parish 
84 Sun Oil Co. & Conti- | Homeseekers Dev. Co.) 54 | 10S} 1W/12/ 8/48} 11,962) Vicksburg Third deep test on 
nental Oil Co. No. 2 Estherwood prospect 
Assumption Parish 
85 Want Elelisi. to vtccn Armelise Planting Co.| 17 | 12S} 13 W} 1/30/43} 10,760) L. Miocene On SE. flank of Na- 
os No. 1 poleonyille dome 
Beauregard Parish 
86 American Republics | Lutcher-Moore Lbr. 3 | 68] 13 W| 3/13/43} 12,455) Wilcox Wilcox test 144 mile 
Corp. é Co. No. X-1 N. of Bancroft field 
87 American Republics | Lutcher-Moore Lbr.| 384 | 58| 13 W| 7/ 3/43] 7,060] Cockfield 2 miles N. of Bancroft 
orp. Co. No. X-2 field : 
Calcasieu Parish 
88 Commonwealth Expl. & 
DiI Co ise. cue Kidder No. 1 11 | 98 | 12 Wj12/ 3/43] 5,010) U. Miocene 
89 Union Sulphur Co., Inc.| Burton-Bank No. 1 24 | 11S | 12 W) 5/10/43] 9,605) L. Miocene | Gum Cove prospect 
90 Union Sulphur Co., Inc.| Stark-Brown No. 1 26 | 118 | 12 W) 8/22/43) 9,606) L. Miocene Gum Cove prospect 
91 Union Sulphur Co., Inc.) Stark-Brown No, 2 35 | 11S | 12 W}12/28/48) 9,100} L. Miocene | Gum Cove area 
92 Union Sulphur Co., Inc.| Ulrich No, 6 19 | 98|10W| 9/ 5/43] 7,841] L. Miocene 34 mile NW. of Sul- 
phur Mines dome 
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Parish and Operator 
g 93 Wi... Burton’... 5.7. 
+ 94 Wes Burton: .. cen. 
sf 
i Cameron Parish 
: 95 Jack Frazier.......... 
-" 96 Magnolia Petr. Co..... 


East Baton Rouge Parish 


97 A.J. Bankhead & T. G. 
Markley. .......... 
Iberia Parish 

3 98 The Texas Co......... 
99 The Texas Co......... 
100 Phe Peras. Gi... < 505. 

Jefferson Parish 
» 101 The California Co... .. 


- 102 The Texas Co...... Ags 
2 Jefferson Davis Parish 

= 103 Cities Service Oil Co... 
104) Continental Oil Co... 


Lafourche Parish 


* 105 Amerada Petr. Corp... 

= 106 Amerada Petr. Corp... 
6107 The Atlantic Ref. Co.. . 

; 108 Gulf Ref. Co. (G.P.D.) 

# 

me 109 Pan American........ 

s 

=A Livingston Parish 

E 110 Danciger Oil & Ref. Co. 

4 Orleans Parish 

. 111 We BR: Burton. 5c 5 

i St. Charles Parish 

me «112 ads Roussel 240-23. 

3 St. James Parish 

i. 113 George Echols........ 

4 

a St. Landry Parish ; 

va 114 J. S. Abercrombie & 
} Atlat. Royalty Corp. 

Sg 115 J. 8. Abercrombie & 

‘Vs Atlat. Royalty Corp. 

a St. Martin Parish 

» 116 George Echols........ 

4 , 117 George Echols........ 

a ~ 118 Amerada Petr. Corp... 


Location Dat Total 
ate f 
Lease and Well No. |—— Aban- Depth, Abandoned Remarks 
Seo. | ‘Mp. | Rae. doned | Ft. m 
Lutcher-Moore Lbr.| 17 | 9S | 12W| 6/ 4/43} 9,575] Vicksburg? | On NE. flank of 
Co. No. 9 Stark's dome 3000 ft. 
= : a PP | eee pe : rom production 
Erwin Estate Heirs} 17 | 11S) 8 W)11/29/43) 12,042) Vicksburg? South at hers Charles 
No. 1 : prospect 
Sweet Lake Land &| 12 /|128| 7 W) 2/25/48) 8,954) U. Mi 
Oil Co. No. 1 on Deowne 
R. A. Moore No. 1 13 | 128 | 12 W\10/27/43) 10,808) Vicksburg Gum Cove area 
McInnis No. 1 58 | 7S] 1E] 1/30/43} 7,536) L. Miocene 
State Lse. 340, Rab- Gulf 2/24/43) 9,838] U. Miocene | 6800 ft. NE. of only 
bit Island No. 4 producing well in 
he Rabbit Island field 
State Lse. 340, Rab- Gulf 10/ 7/43} 9,930] U. Miocene | 5200 ft. E. of only pro- 
bit Island No. 5 ducing well in Rabbit 
‘ Island field 
State Lse. 334, Ver- 148| 6B }12/20/43| 11,866] U. Miocene | South Tigre Lagoon 
milion Bay No. C-1 prospect 
Bailey et al., Unit 119 2 | 168| 13 E |10/ 3/43] 11,058] U. Miocene | 1 mile NE. of produc- 
No. 1 | Lie at Barataria 
e 
Lafourche Basin Levee] 34 | 19 $|24E)} 5/13/43] 9,701) U. Miocene | 134 mile SE. of pro- 
District No. A-4 duction on Bay de 
Chene dome 
D. J. Benoit No. 1 25 |} 11S} 5 W) 9/11/43) 11,274] L. Miocene 1 mile N. of discovery 
; well, Thornwell field 
Mrs. F. B. Hopson] 31 | 10S| 4 Wj}, 3/28/43} 11,282/L. Miocene | 1 mile NE. of Nibletts 
No. 1 field - 
David Guidroz et al.| 35 | 16S] 19E| 4/29/43) 9,871] U. Miocene | 1 mileS. of production 
Unit No. 1 at Raceland field 
C. E. Gheens No. 10 56 | 15 S| 20E |11/14/43] 10,701] U. Miocene | 1 mile S. of production 
at Bayou des Al- 
lemands 
Allen Land Co. No.1| 49 | 19S} 22E] 1/ 5/43] 5,988] U. Miocene | 214 miles E. of Golden 
Meadow field 
Delta Securities Co.| 53 | 19S|21E| 6/12/43] 8,425] U. Miocene | On SE. flank of Bully 
No. 3 Camp dome 1 mile 
‘ SE. of production 
Citizens Bank & Trust| 102 | 17S | 20E|11/ 3/43] 10,357} L. Miocene _| 3100 ft. E. of produc- 
Co. No. 1 tion at Valentine 
dome 
McGreevy No. 1 1| 8S] 6E| 1/ 9/43] 7,415) L. Miocene Second well on Tick- 
faw prospect 
State Lse. 318, Lake 118|14E] 6/10/43) 9,896] L. Miocene 
St. Catherine No. 9 
Ellington No. 1 119 | 13S | 20E| 1/ 8/43] 4,500] U. Miocene 
Realty Operators, Inc.| 19 | 128 |17E | 4/22/43) 8,792 U. Miocene | On SE. flank of Hester 
No. 1 dome, 1 mile SE. of 
production 
A. Charles et al. Unit} 23 | 7S] 5E| 5/26/43) 10,220) Vicksburg snes Leonville pros- 
2No.1 pec : 
Stelly et al. Unit 9} 23 | 75] 5E 10/31/43] 10,443| Jackson South Leonville pros- 
No. 1 . pect 
Alexis Voorhies No.1] 72 | 98| 5E| 3/23/43) 10,519 L. Miocene |SE. flank Anse la 
Butte dome, 150 ft. 
SE. of abd. produc- 
: ing we 
E. L. St. Germain] 114] 98| 5E| 3/ 1/43 10,383) L. Miocene |B. flank of Anse la 
No. 1 Butte dome, NE. of 
: abd. producing well 
Jeanerette Lbr. &| 24|11S| 9E| 7/21/43 11,980| U. Miocene | 4000 ft. W. of produc- 


Shingle Co. No. 1 


tion at Lake Chicot 
field 
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Location 
Date | Total 
Abandoned k: 
Parish and Operator Lease and Well No. |; —— |_ Aban- _|Depth, ar Remarks 
doned | Ft. 
Sec. . | Rge. 
Oe ole 19/43| 12,020| U. Miocene 
119 Arkansas Fuel Oil Co... | Shadyside Co. No. 1 5 |15S|10E | 4/19/ A 5 S. flank of Belle Isle 
120 Sun Oil Co........... Belle Isle Corp. No.3} 1 | 18S|10E| 5/26/43] 4,096] Salt ue $f mile W. of 
NE flank Belle Ist 
Fi . Mi E. flan elle Isle 
121 StmO))) | Coms.aeerce eee 350, Belle} 19 | 17S]11E| 1/15/48] 11,011) U Miocene dome, 3000 ft. salt 
Isle Corp. overhang ee 
i N. elle Isle 
122 SuniOil Cos .22s aes: ee 350, Belle} 28 | 17S} 10E| 2/26/43) 4,060 Salt dime 114 mile N. of 
mek, ree f Cote 
It FE. (0) 0" 
123 The Texas ©o.......cen oe jones 15S| 7E| 5/14/43) 8,540) Sa Blanche Island dome 
Pari 
124 teen Tess Sulphur rer Loot &| 23 | 21S|16E} 5/15/43] 1,315) Salt See oe Fou: 
js . Co. No. 1 
125 Deon Texas Sulphur Louisiana ene &| 23 |21S|16E| 6/26/43] 1,920) Salt ee ae bi! 
; Expl. Co. No. 2 
126 Duvall Texas Sulphur Louisiana ar &| 24 | 218]16E| 7/30/43) 1,330} Salt Botphor fest on iu 
Co. Expl. Co. No. . s 
i i 6 43} 11,273) U. Miocene dry test on 
127 Humble Oil & Ref. Co. hee ee pe &| 25 |17S|13E] 6/ 7/ Tn ee 
. No. | Bs : 
128 Humble Oil & Ref. Co. | Continental Land & 4|18S|15E] 8/ 8/43} 11,540] U. Miocene a Cocodrie pros- 
Fur Co. No. C-1 2 A 
i 5/16/43] 11,281) U. Miocene |1 mile W. of produc- 
129 Humble Oil & Ref. Co. bere Co., Inc.| 81 | 188]18E| 5/16/ ton ni hoes eee 
: ; e 
r 1§ | 16 E }12/27/43) 11,648) U. Miocene | On N. flank Dog Lake 
130 The Texas Co......... ao) oe ~_ Dog 218 /27/ ion 1s Ree Naa 
M 4500 fe 8. of prod 
22 § | 17 E |12/17/43) 12,689) U. Miocene 000 ft. 8. of produc- 
131 The Texas Co......... pire read St,| 24 /17/ et bap at Bane 
. ome 
132 Union Oil Co. of Cali- ; 
fornia,.............| Calvert & Todd No.1| 16 | 178 |17E| 7/22/43] 12,009| U. Miocene 
West Baton Rouge Parish ; , 
133 Amerada Petr. Corp... ene B. Nelsonetul.| 97 | 78|12E| 4/22/43} 10,100) L. Miocene 
o.1 


“fishing job” after the well had penetrated a 
possible productive zone. 

Shuteston, St. Landry Parish—The dis- 
covery well found gas-condensate at gsoo ft. 
Production subsequently was defined by a dry 
hole 14 mile north of the discovery well. 

White Lake, Vermilion Parish—The dis- 
covery well tested three gas-condensate sands 
found at 8356, 10,618 and 10,660 ft. The well is 
presently shut in. 


During the year, 362 field wells were 
drilled in south Louisiana. Of this number, 
252 were completed as oil wells, 19 as gas 
wells, and 91 were dry. In the process of 
drilling and completing these wells, 28 oil 
sands and 14 gas sands were found and put 
to production. The more important of 
these developments are listed briefly 
in the following paragraphs: 


Avery Island, Iberia Parish—Productive 
band on the southwest flank of the dome has 
been established, and drilling is following this 
trend. 

Bastian Bay, Plaquemines Parish—A dry 
test (10,802 ft.) was drilled 14 mile north of 
production on the northwest flank of this field. 

Bayou Bleu, Ibverville Parish—Dry holes 
were drilled on the northwest flank (8rio ft.), 
the south flank (5293 ft.) and the northeast 
flank. The latter encountered salt at 6762 feet. 

Bayou Couba, St. Charles Parish—The dis- 
covery well of this field (completed in 1942) 
was abandoned in March 1943. This field was 
rediscovered in April from the same sand, 14 
mile east of the discovery well. A test well 14 
mile north of the rediscovery well was aban- 
doned as dry after topping salt at 6360 feet. 

Bayou Sale, St. Mary Parish—An 11,300-{t. 
dry test was drilled one mile east of production. 
Subsequently, a completion was made midway 
between the dry test and production. 


Te. 
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Belle Isle, St. Mary Parish—A 4060-ft. wild- 
cat test 114 miles from production on the 
north flank and an rr,orr-ft. semiwildcat test 
on the northeast flank one mile from production 
were abandoned as dry. The rr,orr-ft. test 
penetrated a 3000-ft. salt overhang. A third 
dry test (4096 ft.) was drilled on the south 
flank one mile west of production. 

Black Bayou, Cameron Parish—A new 
Upper Miocene oil sand was discovered on the 
northeast flank of the dome, about 14 mile 


* southeast of the north flank (Lower Miocene) 


production, and about 14 mile northwest of 
the southeast flank (Upper Miocene) producing 
area. 

Branch, Acadia Parish—A new condensate 
sand discovered at ggoo feet. 

Bully Camp, Lafourche Parish—Nineteen 
sulphur tests drilled into cap rock (1700 to 
2500 ft. deep). One was completed in a new 
gas sand at rroo ft. A wildcat well (8425 ft.), 
drilled one mile southeast of the gas-discovery 
well, was dry and abandoned. 

Caillou Island, Terrebonne Parish—New gas 
sand found at 8200 ft. in well 4000 ft. south- 
west of production. New oil sand found at 
11,100 ft. in well 4000 ft. east of production. 

Cameron Meadows, Cameron Parish—Two 
dry test wells, 7000 and 8000 ft., respectively, 
were drilled on the east flank of the dome 
approximately 600 ft. east of nearest producing 
well. 

Chacahoula, Lafourche Parish——Production 
was extended 14 mile on southwest flank. New 
oil sand discovered at 4230 ft. on southeast 
flank. A new gas-condensate sand at 8650 ft. 
was discovered on same flank and extended 


production 4000 ft. to the east. Three shallow 


tests on southwest flank were abandoned as dry. 

Chalkley, Cameron Parish—Two semiwild- 
cat wells about 34 mile northwest of producing 
area were abandoned as dry at 8305 and 8414 
feet. 

Cheneyville, Rapides Parish—Dry hole (5798 
ft.) drilled 14 mile northwest of production. 

Deer Island, Terrebonne Parish.—A semiwild- 
cat one mile southeast of production blew out 
and was abandoned at a total depth of 11,350 
ft. Condensate production was extended one 
mile north. 

Delacroix, Plaquemines Parish—New oil 
sand discovered at 9600 ft. on the northeast 
flank 14 mile from production. 
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Delarge, Terrebonne Parish—World’s deep- 
est producing well was completed and shut in. 
This well, Union Producing Company’s 
Fitzpatrick and Vizard et al. Unit No. 1 well, 
was drilled 14 mile east of production to a 
total depth of 13,563 ft., and completed in a 
condensate sand at 13,475 to 13,400 ft. It is 
reported that the producing sand is the same 
as that producing in the discovery well but is 
275 ft. stfucturally higher. 

Delta Farms, Lafourche and Jefferson Par- 
ishes—New gas sand at 9700 ft. discovered 
on east flank. Field extended 14 mile northwest. 

Dog Lake, Terrerbonne Parish—Dry hole 
(9539 ft.) 144 mile southeast of production. 

East Hackberry, Cameron Parish—Old pump- 
ing well (The Texas Company’s State Lease 
No. 50, No. 20) on northeast flank of dome 
began flowing 2400 bbl. of fluid daily (50 per 
cent pipe-line oil). 

East White Lake, Vermilion Parish —Three 
wells dually completed in 5900 and 6400-ft. 
sands. 

Eola, Avoyelles Parish—Five wells formerly 
producing from the Wilcox have been recom- 
pleted in the Sparta sand. 

Erath, Vermilion Parish—Thirty-two wells 
have been completed during the year. Most of 
the wells are shut in awaiting completion of the 
cycling plant. Fourteen of the 27 wells are 
dually completed wells. 

Four Isle Bay, Terrebonne Parish_—Three un- 
successful sulphur test wells (1330 to 1900 ft. 
deep) were drilled. 

Golden Meadow, Lafourche Parish—Dry holes 
were drilled 14 mile north (11,972 ft.) and 44 
mile west (4006 ft.) of production on west 
flank. 

Grand Bay, Plaquemines Parish—A dry test 
on southwest flank 14 mile from production 
was abandoned at 10,010 feet. 

Hayes, Calcasiew Parish—Second well com- 
pleted, extending production 1g mile northwest. 

Hester, St.' James Parish—A dry test (9492 
ft.) was drilled on the southeast flank one mile 
from production; new gas-condensate sand 
found at 9350 ft. one mile southwest of pro- 
duction; new oil sand found at 5300 ft. in a 
well on east side of Mississippi River; latter 
topped salt at 7675 ft. New gas-condensate 
sand also found at 10,550 ft. in a well 1.6 miles 
north of production; latter topped salt at 
10,700 feet. 


PETROLEUM PRODUCTION IN LOUISIANA FOR 1943 


382 


*AIOAOOSIPOY g 
‘oiInssaid yoo 1 


OI “J | oro'r |1/ogz aves Fal, tO V1 |88 O€£ | S486 -goS‘6 |hLg'6 |€v/1 /6 |qz |gg | bv 
PIPYxI0D | oSz‘z ¥¥%_ |QOS'€ | zBL | ozo'g —110'g |z16'or |€v/gr/6 IMz1|g9 | VE 
OTN “I | OVO'S |1/o0g‘e€ | ,g 0S () F911 |OSS‘C SO | $zo‘o1—O1g ‘or |661'11 |€¥/9 /S IMI |GO6 1€ 
ONAL “Q | 00z‘T |1/o0S Lee |i O ¥9¢ =«|get S$Lz | 06z'6 —0gz'6 |joog‘or |€b/gz/or| q $1} g Li | Sz 
OI *Q | 0S9‘z v% OVI | 9gS'g —1L4S'g |gz6'z1 |€V/S1/6 IMs |g zr | gr 
OI “J | 002'T ECO ye 1 2K6) ¥9 ISI |ozS'g -z1S‘g |br1b'6 |ev/e /6 |IM6 |99 Lz 
OI “J | OOLS |1/oo0€'11 | ,-o°zv | 10 FIM _ |IOL 69 | gLE‘o1—-6P£‘or jooL‘or \€v/b /z1] qs |gLl A 
VNVISINO7] HINOS 
uoyssopy |,00r'z oo00'sy 968'S —gLg‘S |6g6'S |€b/gz/o1|M zc IN OL | 61 
XOoTIM | OOS = |1/oSz ov Ov S Lala Sve | cvb'y -Seh'b |L10‘9 |€b/g /S | qor IN 6 ge 
ATIe A 
W0440D | OSS*e |1/1ZL‘E1 | §€ £0 (0) ¥961 |QzO'v £62 | cgbv'g -—zSv'g grog |€v/o /11IM6 IN zz] If 
oss | oo0'f iG 000'z v¥og‘9 -9£g'9 |vog's |€v/e /E IML IN $1] 12 
esoojeosny, | ooS‘r |1/S16 Bacal) arlene C86 ogz | o1bv'g -66€'g |rrb'g jev/6 /g | qol|N 11] 61 
XOO[IM | O€E |1/SSo'r RS €1 84 Z6 | 006'F —96g‘E jgoz‘s |€v/gz/g | av |N L L 
VNVISINOT HLUON 
‘ut "bs 
god | ‘qq | 009 | 3ue9 EPO) gg 
Acta ied qe tag ‘uy ‘W 
uotjon ‘arms! ag No | Tsdiewe) SUAN lk 4 “ "a3 “d "099 
Be -Ssolg ae wich pue | 1°40 pe . SNL Cat a oy 
jo a3y Bur | pIo-sey |-aein | ‘og yydeq qidaq) woreyd 
o1ojoey | -qny ayey Apreq | 8uPMporg | [ejoL | -wop 
eyeq uorljonpoig [eruy UWOT}e00'T 


I ‘oN sdyyd “d “1 
“09 sv) 2 110 yoormeYys 
I “ON 

‘09 ‘Iq’ s100;W-1ey9 
“WT “OD “porg o1yog 
I ‘ON ‘[e yo Aopreqd 

“a ‘£ ‘oryo J0 “0D TO 
piepurys 2 ‘OD TIO ung 
I ‘ON 

“4Sq uosyoel ‘od sijay 
WUT % "OD But 
-TIiq preoqvag-uooey 
I ‘ON }oqey 

"V “0D TIO [ejueuru0D 
I ‘ON ulMpreg “SO 
“O°*9 [10 aphig [e1euer 

I ‘ON 
xnvapaqen(-yourylog 


“dioj ‘Ijeq epeisury 
I ‘ON sets 

‘dM “OD SPx) “eT “ALY 
z ‘ON sapoyry 


aoRIn “OD TIO Jaye 
I ‘ON uostayy 

‘LM “9D TIO oO 
I-V ‘ON *09 

TIO °9®N “9D TIO PHF 
I ‘ON ATPYS 

‘ad uU “e9 TO wueD 


I ‘ON op 
-usy ‘sjoyoq “YO ‘oan 


asnoy 
uojng jspq ‘el[tA edoxy 


“o** paDsadnDag ‘Spot 


ppp y ‘uesg 


aUUuongaddda T ‘WOSAIX SEG 
“***:WOsIUDD ‘aye'y BIg 


“**“paDsaAnvag ‘1e9g 


UNADI “1S ‘ay[tApneury 


ujooUury 
‘uojsny samy .ION 
spsua J, 
‘uyof 3S exe] yWON 
4a1Sqa My 
‘Age A 09309 YHON 


ws Pieinkale aqauarg ‘Kxon] 
“"*spsuay ‘aspry Alloy 
“4110S DT ‘oqan 3seq 


“ON TPM 
pue asva’] ‘10ze1edQ 


ysieg pur pry 


SSP 


fvo1 “pupisinoTy ut syja yy Ksaaoosigg—'€ ATA, 


383 


J. HUNER, JR., L. C. AYCOCK AND P. M. LYONS 


ON “1 


OL “I 


OWN “NL 
oN = 


uorljonp 
-O1dg 
jo any 
o1dojoar) 


oss‘e 
009‘ 
ofg't 


0Z9'I 


oso'r 


os1'v 


Szv'e 


000'z 


00z'I 


‘uy ‘bs 


dad 

128! 
‘gins 
-solg 

Bul 


“qu 


E> ital 
ul 4ynys SL9‘01—099‘01 jooo'zt |€V/1E/ZI|M Zz |SVI| uy 
1/org'v1 099 ¥96_, |r1z‘'z | Ov | ESE‘o1—-goF‘or |poS'or |€v/1£/g | qe |Ss SL 
1/6Vg‘I | 1°LE) 1°0 ¥9 «|OLz ovr |S$oS‘'6 —S6v'6 j€1S‘11 |€v/o /E | qv |S4 Le 
1/oSz‘gz | og 1S to) ¥9¢_ lozS'z | 96 |SgL‘oI—€oL‘or |S6g‘or |€h/L1/V |qo91 |S z1 | 8 
1/006 A LANES) PY =|v6I Siz |z10‘01-G6oo'o! |€ES‘or |€v/gz/o1| qor| gL bL 
T/Ogt'o -M of8] “IL Lara 6S1 | 000'01-096'6 |6gS‘1r |€v/or/11|MI |S oz 
1/ogo‘eL | .g°0S | 1°0 ofl or €Sg'o1—zeg‘or |LSo'zcr [€v/z /z |} qr |gor] ve 
E/SOUS |ghthe | 1-0 v9 =l0zv 1g 16S‘g -—9gS‘g |6006'6 |€P¥/gz/L IMI |GL 91 
1/008 AO LVo a v9 «vez z6z | Zov'r1—LSP'II |r1z‘z1 \€v/vz/S |q6 |g er | 61 
1/0S9 ae LE 10 yy =ISbL of1 |6£0'6 -veo'6 |PLyor |€v/Sz/1 | qv |g zr | oer 
ictse “Wo09 | UAH WMO) - 
tod ye log “uy ‘Ww Id : 
re Oe ‘ log ; ‘99 
4H “RO Id Vv M |ox04Q 4 “ar arg uw L Ss 
one ay pus ‘ tach sid 
Jlo-sex) | -AvIDn| ‘S'g yiaod yideq | uorje] 
: ayey Ape Buronpoig [wqoy | -wog 
eyeq uorjonposg [ey uolyBo0’yT 


(panuyuoy)—€ ATAV J, 


Wel 
‘ON exe] 974M ‘OVS 
‘ON ‘as7] a3e4S ‘PIUIOF 
ABD) 39° 2D) OSe ore 
I ‘ON 9[81eq ‘Gq 
"9 “dion ‘1y9g Bpeisuly 
ION ,,[00d ,, Y39] 
“ine EV 8D TOLURS 
I ‘ON B}0S0g 2 OUUe 
“0D "PUB TO qa 
I ‘ON Heq 
“TEM "09 TIO playzesng 
£ ‘ON ‘OC ‘1q’] vepieg 
“0D "PUB TO aquny 
3 OD TIO TeyueuWUOD 
I ‘ON 


‘Uy Sing weuUPISINoO’T 
“OD “PU VTO equny 
I ‘ON puey 

Jooyss ysHeg viproy 
“0 TO Te}ueuHUOD 
I ‘ON 

AlOpV] IVBNG duly 


py “OO ‘PY ouLepyVy 
I ‘ON syeyusrayg 
2 Jojssoy ‘spoyoy *oas) 


“ON TM 
puv osva'] ‘10ze10dGQ 


Os Suto: 
‘oMeT O1IGM ISOM 
orpnoy 
‘singstmay yyNnoS 
“* €ApUDT 4S ‘uoysaynys 
“**saupe “4g ‘seme 4S 


“****antaaagy ‘ayepasory 
“**aurasupag ‘Tepper 


Uoliuds A ‘puv]s] UBIIg 


‘“pippoy ‘aryory YON 


CAD yy 

WS ‘aqjereuvefl yon 
uouy 

-dunss y ‘ayIAuocafode nN 


seg pur pany 


384 PETROLEUM PRODUCTION 

Jefferson Island, Iberia Parish—A new oil 
sand discovered at g500 ft. on east flank 1000 
ft. east of production. 

Jennings, Acadia Parish—The Clements 
sand (the deepest producing horizon) was 
extended 14 mile southeast on the south flank. 
Two tests on the north flank were dry and 
abandoned. 

Lake Arthur, Jefferson Davis Parish—Lower 
Miocene test (9252 ft.) drilled approximately 
1g mile northeast of present production was 
dry. 

Lake Chicot, St. Martin Parish—Dry hole 
14 mile northeast of production was abandoned 
at 11,980 ft.; new oil sands found at 7700 and 
10,200 feet. 

Lake Decade, Terrebonne Parish—Produc- 
tion extended 14 mile east. Dry test (12,802 ft. 
deep) was drilled 144 mile north of latter 
extension. 

Lake Pelto, Terrebonne Parish—A new oil 
sand at 7700 ft. discovered on the southwest 
flank; new oil sand also found at 11,000 ft. on 
southeast flank. 

La Pice, St. James Parish—Production was 
extended 14 mile southwest in the 7700-ft. 
sand; new oil sand discovered at 10,130 feet. 

Leeville, Lafourche Parish—Gas ‘sand at 
2930 ft. discovered on northeast flank. Three 
oil sands were discovered on the southwest 
flank at 8025, 9800, and 10,000 feet. 

Lirette, Terrebonne Parish—The 10,500-ft. 
gas sand was extended 144 mile south on the 
east flank in a well that after cutting fault 
was structurally high. 

Neale, Beauregard Parish—Lower Wilcox 
producing area extended 34 mile east and 114 
miles west. Two wells, completed in 1942, were 
dually completed, and one Upper Wilcox dry 
hole (temporarily abandoned 1940) was 
deepened for Lower Wilcox production. Three 
new sands were put to production. 

Northeast Gibson, Terrebonne Parish —Pro- 
ducing sand in the Northeast Gibson and the 
Gibson fields has been joined. Apparently 
only a very shallow “saddle” occurs between 
these two fields. 

North Jeanerette, St. Mary Parish—Test well 
2000 ft. northwest of discovery well was 
abandoned at 12,041 ft.; an 11,660-ft. dry 
test was drilled 1200 ft. east of the discovery 
well. 

Paradis, St. Charles Parish—One dry well 
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(10,502 ft.) drilled on the east flank in low 
part of graben. With the exception of Erath 
and Vinton, this field was one of the most 
active in south Louisiana. 

Pine Prairie, Evangeline Parish.—Sparta 
production (discovered 1942) extended 4 
mile westward on south flank. Two new Sparta 
oil sands discovered in 1943 at 7900 and gooo ft. 
Wilcox production discovered on west flank of 
dome and later extended 600 ft. northeastward 
and 2000 ft. south; one well encountered salt 
on south flank at 4878 feet. 

Rabbit Island, Iberia Parish—Two semi- 
wildcat wells, one 6800 ft. northeast and 
one 5200 ft. east of the discovery well, were 
abandoned as dry. 

Raceland, Lafourche Parish—Production 
limited by 9871-ft. test 14 mile south of 
production. 

Roanoke, Jefferson Davis Parish—Produc- 
tion extended about 14 mile on northwest 
flank; 7000-ft. dry hole drilled 1ooo ft. east of 
producing area, and 8530-ft. dry hole drilled 
14 mile southeast of producing area. 

St. Gabriel, Iberville Parish—A new con- 
densate sand at 9700 ft. was discovered 14 mile 
west of production. This sand was defined by 
a dry hole 14 mile south of the discovery: well. 
A new oil sand was discovered on the south 
flank in a well drilled and abandoned as dry in 
1939. Well completed as pumper, 5 bbl. per 
day. 

Starks, Calcasieu Parish—Test well drilled 
on southeast flank, about 2000 ft. southeast of 
old shallow producing area, abandoned in salt 
at 3451 ft.; 3557-ft. test drilled on southwest 
flank about 1700 ft. south of producing area 
also abandoned. 

University, East Baton Rouge Parish—Pro- 
duction extended 2000 ft. east in deep pay 
zones below gooo ft. in area proven nonpro- 
ductive in shallow sands. In the old producing 
area a new gas sand at 5550 ft. was initially 
produced. 

Unknown Pass, Orleans Parish—Both pro- 
ducing wells abandoned. 

Valentine, Lafourche Parish—First deep test 
(10,357 ft.) on the east flank 3000 ft. from 
production was abandoned as dry. 

Ville Platte, Evangeline Parish—Wilcox 
producing area extended approximately one 
mile on northeast, north, and northwest flanks 
of field; more closely defined on south flank; 
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Sparta producing area extended on northwest 
flank approximately 14 mile. 

Vinton, Calcasiew Parish-——One of the most 
active fields in south Louisiana during 1943; 
17 wells drilled on north flank of dome (north 
flank, Lower Miocene production discovered 
1942), of which 16 found oil, and one, a semi- 
wildcat (6853 ft. in depth), drilled about 14 
mile northeast of the presently producing area, 
was abandoned as dry. North flank producing 
area now covers approximately 160 acres. 
Four new oil sands were discovered in 1943. 

Welsh, Jefferson Davis Parish—New gas- 
condensate sand discovered at 8900 ft. on 
northwest flank of dome about one mile 
northwest of old shallow producing area. 

West Bay, Plaquemines Parish—New oil 
sand at 10,775 ft. discovered on northwest flank 
in a well that extended production 14 mile. 

West Hackberry, Cameron Parish—Three 
new dual completions, plus four old wells, re- 
completed as dual completions during 1943. 

West Mermeniau, Jefferson Davis Parish — 
Producing area extended 14 mile southeast 
and defined by a 10,885-ft. test on the south- 
west. 

White Castle, Iberville Parish—A new oil 
sand at 9300 ft. was discovered on the west 
flank. 


Witpcat WELLS 


During the year, 156 wildcat, or explora- 
tory, wells were drilled, as compared with 
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178 during 1942. However, only 11.4 per 
cent were successful during 1942 and 14.7 
per cent were successful during 1943. The 
apparent value, as far as reserves are 
concerned, discovered by these wildcat 
wells is approximately the same for both 
years. In all, 89 wildcat wells were drilled 
in north Louisiana during the past year. 
Of this ‘total, 21 wells tested the Wilcox, 
24 the Upper Cretaceous, 25 the Lower 
Cretaceous, 12 the Jurassic, and one was 
temporarily abandoned in the Sparta for- 
mation. In south Louisiana, 67 wildcat 
wells were drilled. Of this number, 22 
were abandoned in the Upper Miocene, 
14 in the Lower Miocene, five in the 
Vicksburg, one in the Jackson, one in the 
Claiborne, one in the Wilcox, and six were 
abandoned in salt plugs. 
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Oil and Gas Development in Michigan during 1943 


By THERON WasSOoN,* MemBer A.I.M.E. 


THE oil and gas fields of Michigan that 
have been under development since 1925 
are in an area that extends across the 
middle of the lower peninsula from north- 
east to southwest, a distance of about 
200 miles, and with a width of about 80 
miles. In 19 years 70 fields have been 
discovered. Most of these are relatively 
small when compared with other oil- 
producing areas. This is borne out by the 
fact that since the first wells were drilled 
these fields have produced a total of only 
204,000,000 bbl. However, Michigan is 
still maintaining its production, for during 
the past five years the annual production 
has remained fairly constant at approxi- 
mately 20,000,000 bbl. Production for 
1943, aS reported by the Bureau of Mines, 
was 20,682,000 barrels. 

Roughly, one third of Michigan’s produc- 
tion in 1943 came from the Reed City field, 
which was discovered in 1941. During the 
year, 237 oil wells were completed in 
Michigan in 1943. The decrease of 56 
from the 1942 total is probably due to the 
continuance of Government regulations 
requiring a 40-acre spacing pattern over 
most of the state. 

Fig. 1 shows the principal oil and gas 
fields of Michigan, and the columnar 
section, Fig. 2, shows the principal pro- 
ducing horizons in relation to the section 
drilled. The data of Table 1 and Table 2 
have been carefully checked with previous 
reports to eliminate errors. 


Manuscript received at the office of the 
Institute April 10, 1944. 

* Chief Geologist, The Pure Oil Company, 
Chicago, Illinois. 


New DIscovERIES AND NEW 
DEVELOPMENTS 


Six new producing areas were discovered 
during 1943 and five areas discovered in 
1942 were developed during the year. 
Both the new discoveries and the 1942 
discoveries that were developed appear 


-to be small and relatively unimportant. 


Goodwell Field——The best discovery of 
the year is the Goodwell field, T. 14 N., 
R. 11 W., Goodwell township, Newaygo 
County. This small structure was located 
by core testing done by The Pure Oil Co. 
in 1942 and early 1943. The first producing 
well, C. R. Harris No. 1, was completed 


on July 5, 1943, in the Traverse limestone: 


at a total depth of 2742 ft., with an esti- 
mated potential of 1100 bbl. per day. 
By the end of the year, 18 wells had been 
completed in this field and approximately 
281,000 bbl. of oil produced. The field 
operated under proration of 262 bbl. per 
day per well from Oct. 1 to Dec. 1; 150 bbl. 
per day per well after that date. 

Woodville Field—The small Woodville 
pool, T. 15 N., R. r1 W., 3 miles north 
of the Goodwell field, was discovered by 
core. testing by the Ohio Oil Co. The 


_ discovery well was completed on May 5, 


1943, flowing 650 bbl. of fluid, including 
18 per cent salt water the first 18 hr., 
from the Traverse limestone at a depth of 
2810 to 2815 ft. Seven wells had been 


- completed by the end of the year and 


67,000 bbl. of oil had been produced. 
Development is now practically at a 
standstill because further drilling does not 
appear economically justified. 
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Rose Lake Field.—Discovered by a 
wildcat venture of the Union Drilling 
Co. completed on July 8, 1943, the impor- 
tance of the Rose Lake field is still hard 
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Buren County, T. 1 S., R. 16 W., nine 
wells have found minor production in 
the Traverse lime at a depth of 1050 ft. 
The discovery well was drilled by William 
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Fic. 1.—PRINCIPAL OIL AND GAS FIELDS OF MICHIGAN. 


to evaluate. The discovery well was 
located in sec. 31, T. 19 N., R. 9 W., 
and production has now spread into the 
adjacent three townships. Eight wells had 
been completed by the end of the year 
and 75,000 bbl. of oil produced. Production 
is from the Traverse limestone at a depth 
of approximately 3150 ft. Production 
to date has been complicated by the 
occurrence of salt water in some of the 
wells and by excessively high oil-gas 
ratios in others. 

Breedsville Field.—Near Breedsville, Van 


H. Clock and was completed on Feb. 
13, 1943, with an initial production of 
so bbl. per day. A total of 60,000 bbl. 
of oil was produced in 1943. 

Hatton Field—The Hatton “field,” 
sec. 31, Hatton township, Clare County, 
T. 18 N., R. 4 W., was represented at the 
end of 1943 by two prolific producers and 
three offsetting dry holes. The discovery 
well was drilled by Ranch Oil Co. and 
was completed Aug. 2, 10943, for an 
estimated 7200 bbl. per day. A total of 
42,000 bbl. of oil was produced. Production 


OIL AND GAS DEVELOPMENT IN MICHIGAN DURING 1943 


PRODUCTION ZONES 


Gas production in Gratiot Field - Gratiot County 
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Stray-Marshall gas 13 generally found from 0 to 100 feet 
above Marshall formation 


Marshall Formation 


MISSISSIPPIAN 


Coldwater Formation 
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Antrim Formation 


Ot prod from Squaw Bay member af Adams field ~ Arenac Co 
€ Headquarters Field - Roscommon Co 

Oil prod from Alpena member at Headquarters Field 

also Reed City Field- Osceola Co,¢ Southwestern Michigan 


Traverse Group 


GENERALIZED WELL LOG BUCKEYE FIELD GLADWIN Co. 


Principal producing zone in fields of central Michigan 
Oil accumulation is found im upper part of formation 
varying from O to 160 feet below top 
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is from the Dundee at a depth of 3062 ft. 
Development work is still in progress 
but there is little evidence that an impor- 


‘tant field is in sight. 


Fillmore Field—vThe Fillmore ‘‘field,”’ 
in Secs. 2, 3, 11, and 12, T. 4 N., R. 15 W., 
Fillmore township, Allegan County, repre- 
sents a minor accumulation in the Traverse 
limestone at a depth of 1540 ft. The 
discovery well was completed on June 10, 
1943, by J. W. Lang et al. Five wells have 
been drilled to date and 13,000 bbl. of 
oil produced. There is little evidence that 
the field can become important, though 
additional drilling is in progress. 


DEVELOPMENT IN OLD FIELDS 


The Prosper field in Missaukee County, 
the North Bangor field in Van Buren 
County, the South Zeeland field in Ottawa 
County, and East Norwich field in Ros- 
common County, all 10942 discoveries, 
were developed during 1943. In all, 
41 wells were drilled in the four areas 
during the year. Collectively, 651,000 bbl. 
of oil were produced, nearly two thirds of 
which came from the now fully developed 
13-well Prosper field. 

Of much more importance was the 
continued development of the Fork field, 
Mecosta County. At the end of 1942, 
three wells had been completed; during 
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WILpcat DRILLING 


Wildcat drilling decreased as compared 
with previous years. All of the drilling 
was to already known producing horizons. 
At the end of the year several tests were 
under way in the southeastern part of the 
state in the area west of Detroit, where 
large blocks have been taken. lt is under- 
stood that the tests in this area will go 
into the Cambrian rocks, which heretofore 
have not been explored in Michigan. 


EXPLORATION 


Since the Michigan Basin is covered by a 
blanket of glacial drift, in places as much 
as tooo ft. thick, the principal method of 
exploration for new fields has been by 
means of shallow holes drilled to the bed- 
rock beneath the drift to determine 
structural conditions. Shallow testing of 
this kind showed an increase for 10943 
over that done in the previous year; 
302 permits were issued by the Department 
of Conservation for the drilling of shallow 
holes. The greatest activity in the leasing 
of new drilling blocks was in the Thumb 
area east of Saginaw Bay, where one 
company did seismograph work. 


PRORATION 
All flush production has been operated 
under State proration throughout the 


year, as follows, for 20-acre and 4o-acre 
drilling units: 
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1943, 33 more wells were added, and 
development was still in progress at the 
end of the year. A total of 798,006 bbl. of 
oil was produced in 1943. 


Feb. 1 June 1 Octax Dec. 16 
150-262 150-262 150-262 150-262 
150-262 125-218 125-218 
150-262 150-262 86-150 
150-262 150-262 86-150 
150 

150-262 86-150 

150-262 125-218 100-175 
150-262 


150-262 150-262 Dropped 


PRICES 


Prices have remained unchanged through- 
out the year as the result of price freezing: 
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TABLE 1.—Oil and Gas Production in Michigan during 1943 


Oil Production Gas Production, | Number of Oi 
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20) Hivart: (oil), Osceolas..)...<5.++..v. es coe ee 1942 1,120 1,219,939} 1,021,747 0 0 28) 15) O 
30] Evart (gas), Osceola.........0.e.c0cceeeee 1941 3,520 0 0 302 272 21)) VA O 
31 Pork, M esqeta 6c ce. s Ake a eee. 1942] 1.760 851,228] 798,296 0 0] 36 33! 0 
32] Freeman (gas), Clare............... on oe 1988 { Greg) \ 0 0 1,914 582 16} 0} «2 
33] Goodwell, Newaygo.......---.....- e002... 1943} 1,000 281,243} 281,243 0 (10m (es ¢:) fas | 
34| Gratiot, Gratiot............0cc0ccceeceee. 1927 { an} 298 0 0 0} * 23) Me iege 
ab | JElnry Oceana. in, cause some mare eee 1932}{ {9 1} 116,275 0 0] 9] 17) | Go 
36] Headquarters, Clare-Roscommon........... 1941 Siege 4,607,877| 1,972,942 0 0 43) 42h 


ee ee ee 


THERON WASSON 391 


TABLE 1.—(Continued) 


Wells —— Gh 
Producing? eee aracter Product F Deepest Zone Tested? 
Dec. 1943 im = of Oil! ee cl to End of 1943 
: bs E | T 
Oil > “ ea Ei 
= Blog le 
:, a| 2 0/28 las 

, a ; 5 & 

/ E | a a Ver te — 4 |* egies] » aye 3 
2z\2\2.|_| a |Sels| $8 lec PEER: oF 
e|2|=8|2| = | #2|3] #3 (Es a |E/SE\ee| = Fc 

bo SlE | 2 [o) & [27 8) oF fat 6 |E\a*|E| & ES 

10z} 48. {37 |z | Traverse, Dev Lime z |2,031/15 | A : 
J} 102) 482) 0) 2 91 134.3/2 | Dundee, Dev Dol. Ls | x | 2,841|16 At Sylvania 4,950 

: 2) 0 10! 0 = z| | § 43-2/1-56) Dundee, Dev Lime z | 2,840; 5 | A : 

iy! 42.6\x Detroit River, Dev Dol. Ls | x | 3,371/13 At Sylvania 3,978 
3| 0 z=] 11] 512) 503) 0) O (0 Stray-Marshall, Mis Sand z | 1,390)10 A | Detroit River 4,042 
ATO 15} 0 az] 0} 28.5\z Traverse, Dev Lime z | 1,002} 2 A | Traverse 1,248 
5| 0 19 | 0 Oo} fs iz Traverse, Dev Lime xz | 1,015} 1 A | Traverse 1,060 
6| 0 13 | 0 z| 0) 41.3)0.16) Dundee, Dev Lime z |3,880)12 A | Dundee 4,029 

' mile 0 22) 0 z z) 4 41.30.16) Dundee, Dev Lime z | 3,880)12 A |L. Detroit River | 4,977 
8{ 0} 43] 0| 2 2/0) 41.4\2 | Dundee, Dey Lime z |3,500/25 | A | Sylvania 5,115 

‘i 9| 0 25 | 0 z\ 0) 42.4/0.25) Berea, Mis Sand z |1,529/13 | A | Dundee 2,760 

Bw} oj) mio x zo) 2 ehgy ce Dev Lime | zl! P37e| 1'5|| A | Detroit River | 1,904 
11| 0 9| 0 | z 0} z - Traverse, Dev Lime z |1,077| 1.5} A | Detroit River 1,300 

. 12| 0 0 | 38 580 z0 oOo (0 Stray-Marshall, Mis | Sand z 11,300) 5 | A | Detroit River 4,031 
; | 

13); 0} 162] 0 z z 0) ne Say Dundee, Dev Lime z |3,621/11 A | Detroit River 4,696 

. 14| 0 78 | 0 z 0 soi idee Dundee, Dev Lime z |3,574/11 A | Detroit River 4,330 
15| 0 9z} 0 0 38.52 Dundee, Dev Dol. Ls | z |3,815| 2 A | Detroit River 3,972 
16| 0 0} 6 0 o 0 Stray-Marshall, Mis Sand z | 1,408} 5 A | Detroit River 4,055 

° 17 | 0 2 0 z| ) 0} 30.510.40 Stray-Marshall, Mis | Sand z | 1,283} 2 | A | Dundee 3,865 

oy 618) 0 0} 7) 605, 0 © (0 |Stray-Marshall, Mis | Sand z | 1,283] 6.5] A 
7) 19| 0 44) 0 z | 0) 34.3) Dundee, Dev Lime a | 2,534/12 A | Sylvania 4,163 
- 20; O 0 | 26) 620 z| 0 0 10 Berea, Mis Dol. sd. | z | 1,166|12 A 
- 

4 21| 0 52 | 0 z z| 0} 39.20.57) Traverse, Dev Lime z 1,190} 2.5} A | Detroit River 1,904 
22| 0 19 | 0 0} 45.2iz Dundee, Dev Dol. Ls | z |3,191| 4 A | Detroit River 3,520 

- 23+"0 0| 6 z/ 0} 0 |0 |Stray-Marshall, Mis | Sand z |1,016}4 | A 

'» 

y 24| 0 22; 0 2 0| 40.0\z | Trenton, Ord Dol. Ls | z | 2,102} 9 | MF] St. Peter 3,088 

“A 
25| 0 23) 0 z zi 0} z |z Traverse, Dev Lime z | 1,466) 3.5) A | Traverse 1,571 

a 26} 0 18} 0 z z| 0| 41.4/0.44) Traverse, Dev Lime z |1,596| 4 A | Niagaran 3,319 
27| 0 5| o| zl} | 0| 43.2/0.11| Traverse, Dev Lime z |3,108| 4 | A | Dundee 3,700 
i‘ 28] 0 23.5 0 z z\| 0} 41.3iz Dundee, Dev Lime z | 3,788] 8 A | Dundee 4,015 
és 29| 0 28 | 0| 1,456) 1,412) 0} 46.0\z Dundee, Dev Lime z |3,757| 5.7| A | Detroit River 4,457 
¥ 30| 0 0/17 z| 0} oO |0 Stray-Marshall, Mis | Sand xz |1,425) 9.7) A : 

é 31) 0 36 | 0 1,429] 0} x |z Dundee, Dev Dol. Ls | z | 3,832] 2.5} A | Dundee 4,013 
2 RY 82 0 0 | 13 482; 0} O |0 Stray-Marshall, Mis | Sand z |1,486/12 | A | Detroit River 3,957 
“A 33] 6 12°F ie z| 0} 43.0\z Traverse, Dev Lime z | 2,784] 2 A | Detroit River 3,562 
e 34] O| oO] 0 z|0| zx |z | Parma, Pen Sand | z| 500/10 | A | Dundee 3,100 
. 35| 0 0}; 0 z| 0| 34.0\z Traverse, Dev Lime z | 1,880} 4 | A | Dundee 2,436 
5 0} 40.6/0.16| Traverse, Dev Lime z | 3,285) 5 at 
; ee gs e22l{| 40 Sit 42| Detroit River, Dev |Dol. | x | 3,838|13 | As] S¥ivania ee 
ay; 
tae 
- 

a, 

¥, 

4 


/ 
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TABLE 1.—(Continued) 


Oil Production Gas Production, se oe 
Total, Bbl.¢ Millions Cu. Ft.¢ Wells/ 
Re > 
ea 2 1943 
Field, County Proved, & 
2 Acres? g 
5 Ss . ° 
S 3 To End During |Q | To End } During] #2 
| PS of 1943 | 1943” | | of 1943 | 1943 | BS] E | = 
Ga oS oO So 
Co S on Lo ig =| 
3 : z Bz/E| 3 
3 s a She iss [ee 
37| Home, Montealm.........002...c0eesccees 1938] { OED t 0 o| | 4,724] 1,080] 25] o| 5 
38| Kawkawlin, Bay........+.c02s0se2seseeee 1938] 4/320 1,403,728] 685,117 0 o| 110] 32] 0 
39| Leaton, Fsabella...........00.000c0eee eens to29] { et) t) 3,099,872] 102,074 of} of} Sf oe 
40] Leaton (gas), Isabella................0-0-- 1929 pv 0 0 186 0 42} 0) 2 
All Linoola, Claret s.2¢a:40 uae te © 1938 re 0 0 3,626 | 1,172] 15] 0) 0 
42| Marion-Winterfield (gas), Osceola-Clare. . . . {1940 caon 0 0 6,254 | 3,010} si] 1) 2 
43| Marion-Winterfield (oil), Clare............. 1940 { at 3,053,017| 684,349 0 o| 42} 2] 0 
44] Monterey, Allegan.........00000ecceeeees 193g] { (480) 396,695] 19,497 o| of 28) of o 
45| Mt. Pleasant, Midland-Isabella............ 1928 wed 22,189,902 303,827 0 o| 447} of 2 
46] Muskegon, Muskegon............+-.-. 2+. 1927 oo 6,739,996] 26,140 0 o| 412] of 1 
47| Muskrat Lake, Van Buren............-... 1941 ee 259,005] 45,363 0 o| 54! 2] 13 
48| New Haven, Gratiot.................2..0. 1935 ei 0 0 5,973 | 1,470 | 53] o| 3 
49| Norwich (East), Missaukee................ 1942| "480 28,528] 25,326 0 o| 7 4 0 
50| Overisel, Allegan.......0...-0.00.0cc0eee. 1938 yet 2,174,769} 126,660 0 o| 155] o| 3 
51) Porter Yost, Midland..................-.. 1931] $ (6440) 1} 40,435,088] 1,019,471 0 o| 536] o| 3 
"440 
52| Prosper, Missaukee............ eee ee 1942 20 398,074] 395,598 0 o| 13] 121 0 
53] Ravenna, Muskegon...............-.00-5 1936 Se 0 0 1,434 | 157] 29] of 2 
54] Reed City (oil), Osceola, Lake.............. 1941 ot 19,634,372] 7,776,082 0 o| ise} 4} 2 
55] Reed City (gas), Osceola, Lake............. 1940 4,320 0 0 5,144 | 1,981 29; Oo} 0 
56] Richfield, Roscommon..........-.<...0s0- { oD 149,872} 77,939 0 o| 12] 4] 0 
57] Riverside (gas), Missaukee 3,200 0 0 939 817 LY] ad} ee 
58] Rose Lake, Osceola................ 800 74,604 74,603 0 0 8} 8} «60 
59| Saginaw, Saginaw............-eccceceeee. ‘sey 1,414,255] 19,742 0 o| 282] o|. 12 
GO} Salem: Al agin.c<.0 4 co.cc tee ee 1937] $ (1950) }) 3,048,754) 107,353 0 0} 205 o| 4 
61] Salem (New), Allegan.............0000c0se to3s|} {G8 t| 3,519,764 220,346 0} 0} 104] o} 12 
G2T Sawila, Lake we uacees ccs. tae eee 1942} { (589) 49,274] 92,588 0 0 Bios Ol aad 
63| Sherman, Isabella.........-...eccceceeee. 1936 toh ~ 4,186,304] 177,939 0 0} 96 o| 6 
64] Six Lakes, Mecdsta, Montealm............. 1034] $ {8,080) | 0 0} | 35,526 | 4,807 | 247] 0] 15 
65| South Tallmadge, Otfawa.............-.... 1939| $ . ,(970) 359,789 62,575 0 o| 62] 1| 0 
66] Temple, Clare... ......eccccccceeceecee. 1938 eal 13,544,499] 517,153 0 o| 166] of 8 
67| Trowbridge, Allegan...........0cceceeeee. 1941 Ae 169,721] 30,729 0 o} 3s} 4] 8 
68] Vernon (oil), Isabella... ........0.000205. 1930 Soe 4,468,690] 75,241 0 o| 73] of 12 
69] Vernon (gas), Isabella............-0-002-. 1930 (250) 0 0 1080 7-184 ilk eee 


7 


in 


Line Number 


67 


69 


Wells 
Producing? 
Dec. 1943 


Oil 


@ © eae €& Ss  C:.9 © Oo @ oOo © © 


Artificial 
Lift 
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Character 
of Oil? 
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Producing Formation 


393 


Deepest Zone Tested? 
to End of 1943 


Secondary Recovery" 
Gravity A.P.I. 
at 60°F, 


Sulphur, 
Per Cent 


Name and Age? 


Stray-Marshall, Mis 
Dundee, Dev 
Dundee, Dev 


Stray-Marshall, Mis 
Stray-Marshall, Mis 
Stray-Marshall, Mis 


} Dew { 
Detroit River 


Traverse, Dev 


Dundee, Dev 


Traverse, Dev 
Dundee, Dev 


Traverse, Dev 
Stray-Marshall, Mis 
Dundee, Dev 
Detroit River, Dev 
Traverse, Dev 


Dundee, Dev 
Dundee, Dev 
Berea, Mis 


Dundee, Dev 
Detroit River, Dev 


Stray-Marshall, Mis 
Detroit River, Dev 


Stray-Marshall, Mis 
Traverse, Dev 


Berea, Mis 
Traverse, Dev 
Traverse, Dev 
Traverse, Dev 
Dundee, Dev 
Stray-Marshall, Mis 
Traverse, Dev 
Dundee, Dev 
Traverse, Dev 
Dundee, Dey 
Stray-Marshall, Mis 


Character* 


a4 
a 


Lime 


Ee 
3 


Porosity, Per Cent! 
Depth to Top of 


& & & 


& &8®k& & & BAK 


& 


Productive Thickness, 


Producing Zone, Ft.” 
Avg. Ft.," Net 


| 


1,210) 5 
4,191) 8 


1,331/15.7 
3,125] 5 


1,820|16 
1,587| 8 
1,621| 6 
2,184] 1.5 
3,648] 4 
1,275|16 
1,820 
3,895 
1,350) 2 
3,741) 3 
1,300] 2.2 


| Structure¢ 


— 


tele Wed Uelad We ee Fe Pe Pe PP 


—— 


Pee & be > > Fr Pr > PPP Pe eee Pe ee 


Name 


Dundee 
St. Peter 
Dundee 


Detroit River 
L. Detroit River 


L. Detroit River 


Traverse 
Sylvania 

St. Peter 
Traverse 
Dundee 
Detroit River 
Detroit River 


Sylvania 
Dundee 
Dundee 


L. Detroit River 


Sylvania 


Dundee 
Detroit River 


Sylvania-Bass 
Trenton 
Detroit River 
Sylvania 
Detroit River 
Detroit River 
Traverse 
Sylvania 
Detroit River 
Dundee 


Depth of 
Hole, Ft. 


3,565 


10,447 


3,594 


4,285 
5,100 


5,100 


1,808 
4,821 
4,754 
1,332 
3,536 
4,524 
1,972 


4,733 
3,947 
2,306 


4,333 


4,440 


3,945 
3,990 


| 3,985 


3,792 
1,968 
3,765 
4,031 
3,790 
2,030 
5,462 
1,645 
3,899 
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OIL AND GAS DEVELOPMENT IN MICHIGAN DURING 1943 


i ern EETEEEEEEEEETEEEEEEDNESIENSSSENE 


Oil Production Gas Production, | Number of Oil 
Total, Bbl.c Millions Cu. Ft.e| and/or Gas 
Wells’ 
Area a 
Field, County Proved, S 1s 
a Acres? - 
> 5 
5 3 To End During | 4 | To End | During] 23 
2 a of 1943 1943 & of 1943 | 1948 35 3 z 
: : : al al4 
2 Ss s 6g 6 | 8 
5 ea a oOo oO; = 
TON Walker eR aheodiertetn, bee RAs 1938) { (4.550) 1 9,461,362) 449,284 z z| 494] 1] 33 
71| West Branch, Ogemaw............:000000- 1933} { 500) 1) 5,197,573] 297,817 0 o| 258} 0| 0 
72| West Hopkins, Allegan.............000004 iat} $ G40) 355,566] 45,725 0 ol. 31) Moles 
73| Winfield (gas), Montcalm.................- 1938 2,660 0 0 2,601 622 16 0 0 
74| Winfield (oil), Montcalm................-. 1938 80 51,452 4,014 0 5 0 0 
75| Wise (oil), Isabella.............0:.00000-. 1938] { 120)1} 4,906,054] 176,971 0 o| 62] o| 0 
76| Wise (gas), Isabella... 0.00... 0...0000 05 1933 $ (200) 0 0 724| 157] 6] 0] 0 
77| Woodville, Newaygo...............0..005- 1943 280 67,256 67,256 0 0 7 7 0 
78] Wyoming Park, Kent...............00.00- 1939 { ee y| 112,128] 9,898 0 0 |. Si) SOL pal 
79| Zeeland, South, Offawa...............---. 1942] | oe 120,248 84,576 0 OF. hls Rhona 
80] "Miscellaneous! © a+ cee tee ons ee rece ae 1,134,987 146,023 11 2] 269} 64) 22 
Slim aT otals series cos cen Cre ae eet 153,100 204,011,622) 20,642,412 90,916 | 17,525 | 6,699) 283) 214 
a ee ee ee a ee ee ee ee eee 
Wells ee) AY caer Deepest Zone Tested 
A ressure, racter : : eepest Zone Tested? 
eee Eh per of Oil Producing Formation to End of 1943 
§ Sq. In. 
Oil % = g 
5 Ss = 
; la 5 | 88 e2 
3 es = -| Name and Agef 2 ote = ae Name 
Ble ls a lglee igs 8 |sleslee| 2 sé 
Ale] es 3 |Se lel ee [Bo 3 2/ag/3 5/3 cite 
2| 8 | 23/3] 8 | ses! aS [Ss s |2£|S8/s8) 3 Bs 
S| [a7 [S| 8 la“ 8] 5% ae Sls lA les) & an 
70, 0} 121) Ol 799) x} 0} 42.1/0.4 | Traverse, Dev Lime z | 1,827] 6 A | St. Peter 5,222 
0) 33.4/0.35] { Traverse, Dev Lime az | 1,880] 5 A . 

cealgecl aepeas jes A ax es ae” [Dundee Dev Lime | x |9'602/20 | af) Salina 5,808 
il 0 28] 0 z z| 0} 41.5)a raverse, Dey Lime z | 1,587) 2 A | Traverse 1,633 
73] 0 0 | 16} 446] 345) 0) oO jo Stray-Marshall, Mis Sand xz |1,124| 8 A | Detroit River 3,314 
74} 0 4) 0 x z| 0) « iz Detroit River, Dey Dol. z | 3,355} 1 A | Detroit River 3,374 
75| 0 60 | 0 = a) 0} 47.0\z Dundee, Dey Lime x |3,702|10.5) A | Dundee 3,854 
76) 0 0] 6) 606 z10} 0 10 Stray-Marshall, Mis | Sand xz | 1,249] 5 A | Dundee 3,854 
ce 0 7 0 £ a) 0] « |e Traverse, Dev Lime z | 2,822) 4.5] A | Detroit River 3,534 
78) 0 12] 0 x a} O} 41.5/a Traverse, Dev Lime z | 1,191] 6 A | Detroit River 2,255 
79 0) 14] 0 x zx} 0} 31 fa Traverse, Dev Lime 1,494) 2.1! A | Detroit River 2,053 
80) 0 74 | 77 
81 114 | 3,073 |602 


Se en ee 
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TABLE 2.—Summary of Drilling Operations in Michigan during 1943 


Important Wildcats Drilled in 1943 
Surface Formation, Pleistocene 


Location Initial Production 
per Day 
Total Deepest a. ay a eet 
County Depth, Horizon Drilled by Gas Remarks 
Ft. Tested Mil- 
s Sec. | Tp. | Rge. Oil, U.S. one 
Bbl. C 
u. 
Ft. 
i _— | 
1| Allegan..... 11 | 4N/15 W/ 1,541 | Traverse J. W. Lang & 4 0 Discovery of Traverse pro- 
Mich. Dev. Petr. ae in Fillmore town- 
uN ship 
2\ Antrim..... 14 | 31 N| 8 Wj 6,150 | St. Peter Ohio Oil Co. 0 0 Deepest test in Antrim 
County. Penetrated St. 
. se : ’ ; Peter sandstone 
3) -Arenac.... . 3 }19N! 6E/4,315 | Detroit River | W. L. McClanahan | Filled up 0 Impressive showing of oil in 
250 ft. Detroit River formation in 
Au Gres township 
4] Arenac..... 33 | 20 N| 3 E | 2,982 | Dundee Don Rayburn 0 0 | Important showing of oil in 
Dundee and gas in Berea in 
e ly des : Moffatt township 
q 5} Clare....... 25 | 20 N| 3 W) 4,851 | Detroit River | Freeman Oil Co. 70 0 Discovered commercial pro- 
duction in Detroit River 
formation in Southern 
i Franklin township 
6] Clare....... 2/20 N; 6 W/ 1,323 igen Taggart Bros. Inc. 0 11.6 atin: Ae of Cranberry 
; ; ake gas field _ ae 
i aq) Clare... .<- 1|}20N| 6W 3,840 | Dundee Leonard & Rowmor | Filled up 0 Important showing of oil in 
Corp. 3,000 ft. pee in Cranberry Lake 
e 
8} Clare....... 6 |18N\ 4 W/5,633 | Detroit River | Pure Oil Co. 0 0 Deep test. Penetrated Syl- 
vania formation 
Ol Clare... << 33 |19 N| 6 W/5,462 | Detroit River | Pure Oil Co. 0 0 Deep test. Penetrated lower 
; Detroit River formation in 
> : Temple oil field 
10) Gladwin 19 |17N| 2W/ 3,911 | Dundee Sun Oil Co. Filled up 0 Discovery of commercial pro- 
1000 ft. duction in West Beaverton 
township : 
11} Gratiot..... 36 |11N| 3W} 908 | Stray-Marshall| C. E. Weller & 0 16.6 | Discovery of commercial gas 
T. F. Caldwell in Arcada township 
“j 12|Ingham....| 14 | 3N St. Peter Wm. H. Colvin & 0 Deep test. Penetrated St. 
Associates Peter sandstone 
Niagaran F. M. Copeland & 0 Deep test. Penetrated top of 
P. M. Barton Niagaran j 
Detroit River | Ohio Oil Co. 10 Discovery well of Woodville 
field, Newaygo County 
Traverse Pure Oil Co. 1,134 Discovery well of Goodwell 
field, Newaygo County | 
Detroit River | A. Weber & 10 Discovery of commercial 
Associates production in Detroit River 
formation on Rose City 
- : structure 
4 17 __...| 31. |19 N} 9 W) 3,990 | Detroit River | Union Prod. & Filled up 0 Discovery well of Rose Lake 
iS Drill Co. 1,400 ft. ield 
18} Osceola..... 28 | 18 N| 9 W/3,834 | Dundee Ohio Oil Co. 732 est. 0 Peery. well of Cedar oil 
e! 
me 19 29 | 18 N} 8 W/5,315 | Sylvania Sun Oil Co. 0 0 | Deep test. Penetrated Syl- 
aaa vania sandstone : 
20 24 | 1S] 16 W| 1,071 | Traverse Clock Oil Co. 50 0 Deseo? well of Breedsville 
- e. 
21 1g | 4S| 9E| 2,654 | Trenton Voorhees Drill. Co.|10 bbl. AA’| 0 Discovery well of New 
i Boston field 
? In Proven Fields | Wildcats 
Da 
i 
4 re aii Seam ICON ISS 2 ace hag aon vate a nden eect eee 65 
Number of oil wells completed during AGES res in eae ose ame as nien arena : 
Number of gas wells completed during FCP Ope male canoe hee Seek nee Moot ean CO “en 


Number of dry holes completed during 1943.......-.--.--+1sesereeeseseet ters etess 
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Midland-grade crude, $1.44; Sherman- of that company, assisted in the prepara- 
grade crude, $1.30. tion of this report. Miss Lou Williams and 
Mr G.°K: Clark, of The Pure” Oil Cox 
gave particular attention to the tabulated 

Mr. Carl C. Addison, Division Geologist data. As in the past, the State Geological 
of The Pure Oil Co. at Saginaw, Mich., Survey of Michigan has furnished informa- 
and Mr. D. C. Shackelford, Chief Scout tion on oil and gas production. 
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Oil and Gas Development in Mississippi during 1943 


By H. M. 


TuIs report covers the period from Jan. 
I, 1943 to Dec. 31, 1943. 

During the year, 112 wells were drilled in 
Mississippi, as follows: wildcats drilled and 
abandoned, 54; wildcats producing oil, 4; 
oil wells drilled in oil fields, 26; oil wells 
drilled in fields, dry and abandoned, 10; 
sulphur-test wells drilled, 14; salt-water- 
disposal wells, 3; core tests, r. 


PROSPECTING 


Geophysical work in Mississippi during 
1943 amounted to 1127 crew weeks, divided 
as follows: reflection seismograph, 809 
weeks; gravity meter, 285; magnotometer, 
30; torsion balance, 3. 

A considerable amount of core drilling 
was done over a large part of the state. 
The complete data on this activity are not 
available at the present time. 


SAtt DoMES 


To date, the following salt domes have 
been discovered in Mississippi: Midway, 
Edwards, Glass, Newman, Tatum, Oak- 
vale, Kings, Halifax, D’Lo, Hazlehurst, 
Byrd, Leedo, Prentiss, Carson, Moselle, 
Monticello, Ruth, Keno, Taylorsville. 


New Ot FIELDS 


Lincoln County—On March to, 1943, 
the California Company completed its 
Smith No. 1 in sec. 4, T. 7 N., R. 7 E., 
Lincoln County, as an oil well and pro- 
duced 29 bbl. of 25° gravity oil in 24 hr. 
through a }4-in. choke. Two outpost wells 


Manuscript received at the office of the 


Institute Feb. 23, 1944. | 
*Supervisor State Oil and Gas Board, 


Jackson, Mississippi. 


Morse* 


have been drilled in this area by the Cali- 
fornia Company, and both have been 
abandoned as dry holes. 

Madison County.—Love Petroleum Co. 
completed its J. R. Anderson No. 2, sec. 2, 
T. 8 N., R. 1 W., Madison County, on 
Sept. 7, 1943. This well produced 135 bbl. 
of approximately 30° gravity oil in 24 hr. 
through a 1}4-in. choke. The production 
comes from a sand or porosity in the upper 
part of the Chalk formation of the Cre- 
taceous age. 

Adams County—The California Com- 
pany drilled its National Gasoline Co. of 
Louisiana No. 1 in sec. 52, T. 7 N., R. 1 W., 
to a total depth of 10,383 ft., and at 10,280 
ft. it perforated and obtained gas and a 
condensate. The well had several showings 
in the Wilcox of the Eocene age. Several of 
these showings were tested and the well 
finally was completed at 5888 ft. on Oct. 6, 
1943, producing 44° gravity oil in the 
second sand in this formation. No other 
wells were completed in this field during 
the year. However, a number of wells are 
contemplated in the near future, and loca- 
tions have been staked by the California 
Company. The Oklahoma Pipe Line Co. 
will market the oil through its pipe-line 
facilities. 

Wayne County.—The Gulf Refining Co. 
drilled Davis No. 1 in sec. 2, T. 9 N., R. 
9 W. in Wayne County. After several stem 
tests 514-in. casing was set at 6850 ft. and 
production was obtained in the so-called 
Massive Sand of the Lower Tuscaloosa. 
The well produced 359 bbl. of oil in 24 hr., 
and it was completed on Oct. 4, 1043. 
Other locations have been staked in this 
area and probably will be drilled in 1944 by 
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the Gulf Refining Co., the Humble Oil and 
Refining Co., and other lease holders. 


WILDCATS 


Two very interesting wildcats of con- 
siderable importance were drilled in the 
eastern part of the state. 

One of these is the Hilma Wall No. 1 in 
sec. 28, T. 5 N., R. 13 E., Newton County, 


OIL AND GAS DEVELOPMENT IN MISSISSIPPI DURING 1943 


approximately 30 miles north of the well in 
Newton County. This well was drilled to a 
total depth of 6875 ft. and was completed 
as a dry hole on Nov. 109, 1043. This well 
also reached the Jurassic formations. It 
encountered the Smackover lime at 6300 ft. 
This well showed the Smackover lime some 
2000 ft. higher than the Newton County 
well. 


TABLE 1.—Oil and Gas Production in Mississippi 
en 


Oil Production Gas Production, Number of Oil 
Total, Bbl.¢ Millions Cu. Ft.¢ and/or Gas Wells/ 
1943 
Field, County ae 
5 =] To End During To End During | SS 
= e| = | ofi043 | 1943 of 143 | 143 [ZS] B | F 
5 =5 Es 2s| 2 s 
: a2 | 25 es; & | 3 
i=] 
3 pA | a< om 8 = 
1| Brookhaven, Lincoln...............- 1943 40 16,711 16,711 1 1 0 
DQiWary Sharkey &.nstetce- 2a ede 1941 160 30,490 19,987 5 1 0 
3) Cranfield tA dams... cass oie eels 1943 40 12,891 12,891 1 l 0 
4) Enentta. Wayne.on aston. oo ceseelec mer 1943 80 1,663 1,663 1 1 0 
5lPlova; Madison <5 4 ..25.5-aSseeee 1943 80 4,714 4,714 2 2 0 
GIUDinisleys). ¥G200 cet tee emis ta na aisles 1939 | 9,840 | 65,046,178 | 17,264,156 360 1 7 
7| Vaughan-Pickens, Madison and Yazoo | 1940 | 1,400 | 2,392,483 | 1,458,651 34] 23 0 
8| Jackson, Rankiz. and Hinds.......... 1930 114,771,014 | 1,349,986 | 218 0 4 


Wells Producing? 1 : ; Deepest Zone Tested?” 
Dec. 1943 Character of Oil Producing Formation a End of 1943 
Oil 
Depth to 
5 ; Gas | Gravity A-P.I. Name and Age? Char- Prove Name Depth of 
B| Flow. | 4m ha ; acter* | ing Zone, Hole, Ft. 
2| ing | Tite ior 
= 
a 
10) 1 25 Marine Tuscaloosa Sand 10,288 | L. Cretaceous 12,22 
a] 1 0 24.8 | Selma Chalk, Cre 3,270 | Cretaceous a773 
3 1 0 44 Wilcox-Eocene 5,888 | M. Tuscaloosa 10,383 
41 0 1 27 Tuscaloosa Sand M. Tuscaloosa 7,100 
5} 0 2 30 Selma Chalk of CreU 4,360 | Chalk 4,367 
6} 5 | 824 31.6 to 49.6 | Selma C., Eutaw, Tuscaloosa 4,378 | Tuscaloosa 6,540 
7. 8 25 39.9 Eutaw of Cre Sand 4,830 | Tuscaloosa 5,658 
8 19 Selma, Cre Gas 2,420 | L. Cretaceous 5,529 


> Footnotes to column heads and explanation of symbols are given on page 270. 


which was drilled by the Sun Oil Co. to a 
total depth of 10,117 ft. It was completed 
as a dry hole in Jurassic formations on 
Aug. 23, 1943. This well encountered the 
Smackover lime at 8300 feet. 

The other well is the Southern Natural 
Gas Company’s J. W. Smith No. 1 in sec. 1, 
T. 9 N., K. 12 E., Neshoba” County, 


In the northwestern part of Lauderdale 
County, the Magnolia Petroleum (Co. 


“drilled the Culpepper No. 1 in 1oq1, in 


sec. 4, T. 8 N., R. 14 E. This well went 
from the Upper Cretaceous formations into 
the Paleozoic rocks; thus a few miles to the 
west Lower Cretaceous and Jurassic for- 
mations of considerable thickness were 


r 
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TABLE 2.—Summary of Drilling Operations in Mississippi 
SURFACE ForMATION, RECENT 


Important Wildcats Drilled in 1943 


Location Pressure, Lb. per 8q. In. 
: Total Deepest 
mb iia Drilled by Remarks 
See. | Tp. | Ree ; co Casing i 
ENS SS Re re See Se 
F 52 7N | 1W | 10,383 | L. Cretaceous | California Co. 544 in., 10,383 | 5,880 | Oil 
a. 1 6N| 4 W/ 11,102 | L. Cretaceous | Pure Oil Co. 514 in., 11,100 Abandoned 
i 4 |16N] 6E | 5,735 | Paleozoic Hunt Oil Co. D. and A.t 
4 | 23N]{ 5 W) 5,057 | Paleozoic Hunt Oil Co. D. and A. 
66 | 11N] 2E | 9,903 | L. Cretaceous | Amerada Petr. Co. D. and A. 
24 4N/16E | 4,535 | L. Tuscaloosa | H. W. Elliott D. and A. 
: 29 3N]17E | 5,415 | L. Cretaceous} C. L. Higgason D. and A. 
A 10 2N/16E | 3,714 | Eutaw A. B. Irion et al. 4 in., 3,700 Abandoned 
is 14 2N/16E | 3,719 | Eutaw A. B. Irion et al. 4 in., 3,700 Abandoned 
16 | 11N | 5E | 10,502 | L. Cretaceous | Carter Oil Co. D, and A. 
16 3N] 7W| 2,135 | Salt Gulf Refining Co. D. and A 
a 33 5N | 8 W | 12,328 | L. Cretaceous | Humble Oil & Ref. Co. D. and A 
»* 36 8N} 3W| 6,872 | Eutaw W. J. Goldston D. and A 
S, 14 5N]| 2W] 7,560 | L. Tuscaloosa | Plains Prod. Co. D. and A 
: 29 6N | 3 W| 9,002 | L. Cretaceous} Pure Oil Co. D. and A 
4 24 | 14N| 4W| 5,500 | L. Cretaceous | Gregg-Tex Gasoline Co. D. and A. 
’ 16 | 16N| 3 W) 6,161 | L. Cretaceous| Roeser & Pendleton, Inc. D. and A. 
26 |13N | 8 W|} 4,000 | L. Cretaceous} Hunt Oil Co. D. and A 
4 8 |13N]| 8W| 4,010 | L. Cretaceous} Hunt Oil Co. D. and A 
a 24 | 11N] 8W) 3,544 | L. Cretaceous) C. H. Lathrop D. and A. 
.; 24 |11N| 9W) 3,411 | L. Cretaceous! C. H. Lathrop D. and A 
4 20 5S | 8 W/ 11,378 | L. Cretaceous | Humble Oil & Ref. Co. D. and A 
4 19 8N]| 4E/ 2,070 | Salt Gulf Refining Co. D. and A 
31 7N|13 W) 2,294 | Cap Rock Gulf Refining Co. : D. and A. 
Z 36 | 10N/)17E | 2,808 | L. Cretaceous| Wanete Oil Co. D. and A. 
_ 28 5 N1|11E | 11,446 | L. Cretaceous} William Helis et al. D. and A. 
a 4 7N | 7E | 12,229 | L. Cretaceous | California Co. 514 in., 10,000 Abandoned 
4 7N| 7E | 12,843 | L. Cretaceous | California Co. D. and A. 
wf 30 | 11N| 4E | 6,748 | L. Cretaceous | The Carter Oil Co. | D. and A 
; 10 9N!| 1E | 7,015 | L. Cretaceous | J. P. Evans & Dinkins D. and A 
19 9N| 1E | 9,007 | L. Cretaceous | Love Petr. Co. : D. and A 
, 2 8N]| 1W| 4,367 | Selma Love Petr. Co. 514 in., 4,000 
a il 9N| 5E | 6,412 | L. Tuscaloosa | Love Petr. Co. D. and A 
ad 1 | 11N| 3E | 5,046 | Eutaw F. H. Shortridge et al. D. and A 
ad 9 |10N| 4E | 6,510 | Tuscaloosa | Tip Ray et al. D. and A 
Ss 20 3N1/}17W| 1,520 | Cap Rock Gulf Refining Co. D. and A 
4 1 9N/|11E | 6,875 | Jurassic Sou. Natural Gas Co. D. and A 
; 28 5 N | 13 E | 10,117 | Jurassic Sun Oil Co. D, and A 
f 3 |10S | 3E | 2,234 | Paleozoic 8. A. Guiberson, Jr. D. and A 
21 8N]| 5E | 6,132 | Tuscaloosa | Love Petroleum Co. D. and A. 
‘a 19 |13N]| 5 W| 5,051 | L. Cretaceous | The Texas Co. D. and A. 
- 17 1N| 4E | 9,578 | L. Cretaceous | Carter Oil Co. D. and A 
= 8 2N| 4E | 9,500 | L. Cretaceous | Gulf Refining Co. D. and A 
ra 30 28 |12W| 8,513 | L. Cretaceous | H. I. Morgan D. and A 
“ 5 |10N|13 Wj 2,020 | Cap Rock Gulf Refining Co. D. and A 
A 10 48 |10W| 8,352 | L. Tuscaloosa| R. W. Norton, Jr. D. and A. 
S 26 |18N| 6W| 6,428 | L. Cretaceous | Grubb & Hawkins D. and A 
a 20 |19N| 8W| 6,105 | L. Cretaceous | Roeser & Pendleton, Ine. J D. and A 
. 2 9N| 9W| 7,100 | L. Cretaceous | Gulf Refining Co. 514 in., 7,100 
7 2 | 6N| 7W| 8570 | L. Cretaceous| Humble Oil & Ref. Co. D. and A 
a 8 |10N] 2E | 6,011 | Eutaw H. I. Morgan D. and A 
; 6 |13N]| 2W| 6,271 }Tuscaloosa | N. Ordnance Co. D. and A 
1g |12N| 3W| 6,385 | Tuscaloosa | N. Ordnance Co. D. and A 
g |11N] 5W) 5,511 | L. Cretaceous | Nelson Brothers D. and A 


1D. and A. indicates dry and abandoned. 


Number of wells drilling Dec. 31, 1943...........00-:seeeeeere cece eereneeerssees 


ee TE 


i 4 
Number of oil wells completed during 1943..........---seseeeseeeeeesrreecereeess 26 ; 
Number of gas wells completed during 1943.............++-ee0feeeesceeereresssees 0 

a eae ay holes completed during 1943........--.--.00-ceeceeeeeeeeeseter ees 10 54 


Number of 
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encountered. A great deal of interest is 
being manifested in this area because of 


these conditions. 


Ort PRODUCTION 


During 1943 the Tinsley oil field pro- 
duced 17,264,156 bbl. of oil. The cumulated 
figure for this field in Yazoo County, from 
Sept. 11, 1939 to Jan. 1, 1944, is 65,046,178 
bbl. of oil. 

The Vaughan-Pickens field, now made 
up of the Vaughan-Pickens field and the 
Pickens-Sharpsburg field, produced 1,458,- 
651 bbl. of oil in 1943. Its cumulated pro- 
duction since April 8, 1940 is 2,392,483 bbl. 
of oil. This field is in Yazoo and Madison 
Counties. 

The Brookhaven field, Lincoln County, 
produced 16,711 bbl. of oil in 1943. 


OIL AND GAS DEVELOPMENT IN MISSISSIPPI DURING 1943 


In Sharkey County, the Cary oil field 
produced 19,987 bbl. of oil in 1943. There is 
a cumulated production of 30,490 bbl. 
since Sept. 16, 1941. 

The Cranfield field, Adams County, pro- 
duced 12,891 bbl. of oil in 1943. 

The Eucutta field, Wayne County, 
shows a production of 1663 bbl. for 1943. 

The Flora oil field produced 4714 bbl. of 
oil. 

In Adams County, sec. 1, T. 6 N., R. 
4 W., the Pure Oil Co. drilled the J. M. 
McDowell No. 1 and produced 379 bbl. of 
net oil. 

The total amount of oil produced in 
Mississippi in 1943 was 18,779,423 bbl. 
The total cumulated production was 
67,505,509 barrels. 


Development of Oil and Gas in Missouri in 1943 


By FRANK C. GREENE* 


DRILLING in Missouri in 1943 continued 
at a lower rate than in 1942, only 28 wells 


_. “being completed. Following the completion 
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of the Cities Service Oil Company’s No. 1 
Jim Cook near Tarkio, in the northwest 
corner, NW. }4 sec. 32, T. 65 N., R. 39, W., 
Atchison County, four dry holes were 
drilled by other parties, all a mile or 
more from the Cook well. Later the Cities 
Service Oil Co. completed No. 2 Cook for 
60 bbl. Table x gives a summary of 
activities by counties. 

The total footage drilled was 23,831} 


Published by permission of H. A. Buehler, 
State Geologist. Manuscript received at the 
office of the Institute Feb. 23, 1944. 

* Geologist, Missouri Geological Survey, 
Rolla, Missouri. 


TABLE 1,—Wells Drilled for Oil and Gas in 
Missouri in 1943 


Number of | Number of 
Gounty Oil Wells | Gas Wells | DY 
AtCHISON.< Foca 2 4 
Bates. ccc. oe as I 
Caldwell. ......... I 
Gass. wie Naberern weevs I 
Clay cba totes as ceee 2 
Clinton 5 
DDOLG asc crcpot oon Roe t 
JaCKSGR. o.2'5.0¢ 0% 5 3 
Platte... > emcee 2 
Worth. I 
"Totals: peckss. as 2 5 21 


ee EEE EEE 


ft., of which 12,80214 ft. was by cable 
tools and 11,029 by rotary. Four of the dry 
holes were drilled into Mississippian or 
older beds. 
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Petroleum Development in Nebraska in 1943 
By Ee GC Rempe 


DRILLING operations in Nebraska during 
1943 were reduced to approximately two 
thirds of the t942 number. Twenty-seven 
wells were completed during 1943 and 


as follows: eleven in Richardson County, 
four each in Buffalo and Harlan Counties, 
three in Furnas County, and single 
operations in Antelope, Butler, Dakota, 


TABLE 1.—Oil and Gas Production in Nebraska 


Oil Production Number of 
Total, Bbl.¢ Oil Wells’ 
2 1943 
Field, County EB & 

s 8 a) ToEnd | During | $33 
3 z 2 of 1943 1948 | oS 
| a ° ae 
3 Ss = 26 3 3 
Zz So a ‘ F 
: g | 8 ge | 23] 28 
if Barada, Richarison-62.c20e 3. ni eee te eee ee ae 1941 480 614,600 | 206,000 | 15 0 0 
2°) Dawson, Richardson’, + ants. tela soe. Ses ee ee 1940 440 68,000 42,900 13 7 0 
3 Palle: City; hichardson'..-.4.159 Ss eee ae ee eee 1939 | 2,080 | 3,347,000 | 425,900 | 57 J. 1 
4 iShubertytchardsons roan... aitgace sauce sieenteee te meres ae 1940 400 116,000 13,600 | 10 0 1 
5 MPOtALS 7. Fagen ats oaGae ae econ Sek eee 2,400 | 4,145,600 | 688,400 95 8 2 
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five wells were drilling at the close of the 
year. Eight of the completions, in proven 
fields, were producers. The operations 
were distributed throughout the state 


Manuscript received at the office of the 
Institute April 11, 1944. 

* Nebraska Geological 
Nebraska. 


Survey, Lincoln, 


Wells Deepest Zone 
Producing? ees Producing Formation Tested? to End 
Dec. 1943 of 1943 

Oil, Gravity a 00 2 
| Artificial | A.P.I. Name and Age/ 2| =] &8e loge Name 
S| Litt at 60°F. EW best fe gees ron Ee ess 
E #| #8 | S38 lee se 
«, gq Su Bm 3 5:2 w ag 
E A| BA| S38 [Baz ag 
1 15 29.6 | Hunton, Dev D 2,403 | 78 | Viola 3,215 
2 13 21.7 | Hunton and Viola, Dev, Ord D bes = \ Pre-Cambrian 3,424 
3 56 31.5 | Hunton, Dev D 2,250 | 23 | Arbuckle 3,372 
4 9 31 Hunton, Dev D 2,495 | 23 | Hunton 2,638 
5 93 


Dawes, Gage, Nemaha, Otoe, Pawnee, 
Scotts Bluff and Sherman Counties. 

The principal feature of exploration 
drilling in the state during the year was 
the more extensive testing in the central 
Nebraska Basin region, principally in 
Buffalo and Harlan Counties, where 
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TABLE 2.—Summary of Drilling Operations in Nebraska 
Important Wildcats Drilled in 1943 
Location Pann 
County Total Surface Deepest tion 
oe Formation Horison Drilled by arrer Remarks 
U.S. 
1| Antelope. . . ~ 6 W| 2,625 | Quaternary Pre-Cam Forrest Cave et al. m D. and A.i 
Buffalo. .... 4,070 | Quaternary Arbuckle Bell Oil & Gas Co. D. and A. 
Buffalo. .... y| 3,810 |Quaternary Arbuckle : Bell Oil & Gas Co. D. and A. 
Buffalo... . 3,780 | Quaternary Arbuckle Gled Oil Co. D. and A. 
Buffalo ’} 3,569 | Quaternary Arbuckle Bell Oil & Gas Co. D. and A. 
Butler. .... Quaternary Bellwood Syndi- Drilling 
Dakota nee Fd i i = on Paler Skriver et al. Drilling 
Dawes..... 4,402 ene Pen or Oil & Gas D. and A. 
Furnas. ... . y} 3,478 5 ea on | Pre-Cam Helmerich & Payne D. and A. 
Furnas... . . 3,718 ——— on | Pre-Cam es Ris Trickett D. and A. 
Furnas... .. 3,422 ee on | Pre-Cam Stanolind Oil & D. and A. 
Gage....... Quaternary Ellis Oil Co. Drilling 
Harlan..... 4,045 a penaarea on | Arbuckle Bell Oil & Gas Co. D. and A. 
Harlan..... 3,557 Say on | Penn Bell Oil & Gas /Co. D. and A. 
15| Harlan..... 3,935 Retoctary. on | Arbuckle Ohio Oil Co. D. and A. 
16| Harlan... . 3,850 . cornet A on | Arbuckle Bell Oil & Gas Co. D. and A. 
17 1,970 | Quaternary on Dev-Hunton| Dan Short et al. D. and A. 
18] Otoe....... 2,532 Gaiceas _on | Pre-Cam J. M. Conner et al. D. and A. 
19 585 Roe lege Pre-Cam H. W. Pieper et al. D. and A. 
20 2,191 ievide on | Dey-Hunton| Nebr. Prod. & Ref.| 80(Est.)} Producer, Daw- 
Permian Co. son field 
21 2,199 aad aps on | Dev-Hunton| Skelly Oil Co. - ei Daw- 
22 2,237 | Permian Dey-Hunton| Uhri Oil Co. 35 ior Daw- 
23 2,258 | Permian Dev-Hunton| Powers Oil Co. 2 ssonpebenee 
24 2,178 aah on | Dey-Hunton se Prod. & Ref.|150 asa Daw- 
25 2,175 —— on| Dey-Hunton aoe. Prod. & Ref.) ? Sacer a Daw- 
26 2,163 alas on | Dev-Hunton| Powers Oil Co. 60 Produss Daw- 
27 2,385 | Permian ‘Dey-Hunton| Uhri Oil Co. D. and A. 
28 2,348 | Alluv. on“Penn- Dey-Hunton| Nebr. Prod. & Ref.| ? Producer, Falls 
‘sylvanian Co. City 
29 “Quaternary on Monebia Oil Co. Drilling 
30 2,518 Coe ae Dev-Hunton| Ferguson & Towle D. and A. 
A ee ea Fuerst Oil Dev. Co. Drilling 
Bell Oil & Gas Co. D. and A. 


Number of wells drilling Dec. 31, 1943... 


Number of oil wells completed during 
Number of gas 
Number of dry 


wells completed during 1943. 
holes completed during 1943... 


3,471 


1943 


Arbuckle 


In Proven Fields 


Wildcats 


1 Dry and abandoned. 


cone 
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much valuable stratigraphic information 
and some noncommercial shows of oil 
in the Kansas City-Lansing rocks of 
Pennsylvanian age were secured. 

No additional fields were discovered in 
the state during the year, and oil produc- 
tion dropped from approximately 114 
million barrels during 1942 to about 
688,000 bbl. during 1943. This decrease in 
production during 1943, although partly 
the result of natural decline of the older 
fields, was probably in part the result of a 
relatively low price for crude oil, which did 
not encourage production from many 
wells producing relatively large per- 
centages of water. 

One additional producer was secured 


in the Falls City field. The productive 
area of the Dawson field was enlarged 
by the addition of seven producers, which 
caused a substantial increase in production 
for that field. The Barada, Falls City and 
Shubert fields all showed rather marked 
declines in production. 

Improved completion methods in the 
Dawson field secured more satisfactory 
wells. Most of the new wells in this field 
were drilled with rotary to the top of the 
producing formation, and the wells were 
cable-tooled in after the production string 
of casing had been set and cemented. In 
this manner the reservoir rock was pro- 
tected from excessive penetration of 
drilling mud. 


Oil and Gas Development in New Mexico in 1943 


By Joun M. Ketry,* Memper A.I.M.E, 


New Mexico produced 38,882,342 bbl. 


of oil in 1943, and regained seventh place 


among the oil-producing states. This 


_ production was an increase of 6,968,526 


bbl., or 21.8 per cent, over the figure for 
1942. 

The maximum per-well allowable on 
Jan. 1, 1943, was 38 bbl. daily and at the 
end of the year this figure had been in- 
creased to 48 bbl. Allocations as set by the 
New Mexico Oil Conservation Commission 
closely followed recommendations by the 
Petroleum Administrator for War and the 


"average daily pipe-line runs were 106,476 


y 


bbl., being within 2.2 per cent of these 
allocations. Production for Lea County 
was 33,043,925 bbl.; Eddy County, 5,405,- 
967 bbl.; northwestern New Mexico, 
432,070 bbl., and Chaves County, 380 
barrels. 

Drilling activity for New Mexico in 
1943 was only 75 per cent of that in 1942, 
with 255 completions. Of these completions 
180 were oil wells, 10 gas wells and 65 dry 
holes. The ratio of dry holes to producers, 
more than 1 to 3, was the greatest in 
recent years. Of these dry holes, 46 were 


: drilled within the boundaries of proven 


areas while 19 were wildcats. 
Wildcat drilling during 1943 was respon- 
sible for the discovery of four new oil 


_ . fields and one new gas field, as well as 


a) 


Pe 


fi 
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three extensions to existing proration 
areas. At the close of the year the New 
Mexico Oil Conservation Commission 
had designated 64 areas as proven for 
oil and/or gas. 


Manuscript received at the office of the 


Institute April 3, 1944- ‘ 
* State Geologist, Executive member and 
Secretary of New exico Oil Conservation 


Commission, Santa Fe, New Mexico. 
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SOUTHEASTERN NEw Mexico 
P Lea County 


The Monument area was again New 
Mexico’s largest producing oil field, with 
an annual production of 7,228,855 bbl. 
Next was Eunice, with 6,461,044 bbl. 
followed by Vacuum with 4,946,110 bbl. 
Hobbs, ranking fourth, with 3,799,114 bbl., 
was the leader in total recovery with an 
accumulated production of 104,180,531 bbl., 
or more than 10,000 bbl. per acre to date. 

Drilling activity in Lea County ac- 
counted for completion of 67 oil wells, 
2 gas wells and 24 dry holes. One of these 
oil wells was the discovery well of a new 
area and three extended proven areas. 

The most active drilling campaign 
in the county was again in the Maljamar 
area, where 18 oil wells were completed. 
The Maljamar Cooperative Repressuring 
Agreement affected 141 producing wells, 
and operations were a decided success, 
more than 85 per cent of the gas produced 
being returned to formation. 

The new oil field for Lea County was 
designated as the San Simon area although 
boundaries have not been established to 
date. Discovery well for this area was the 
Skelly Oil Company’s State Us *Noe 1, 
in the NE. NE. 4 of sec. 5, T.22 S., R. 35 E. 
This well was drilled to a total depth of 
4183 ft. and plugged back to 4138 ft. 
after encountering bottom-hole water. 
Initial production was 124 bbl. per day 
on the pump. This oil is 37.4° gravity and 
has a sulphur content of 1 per cent. 
Production is from Yates sand of Permian 
age. 

The Lynn area of southern Lea county 
was extended 114 miles to the northwest 
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TABLE 1.—Ouil and Gas Production in New Mexico 
EE ee eee ee ee 


Oil Production Gas Production, | Number of Oil 
Total, Bbl.¢ Millions Cu. Ft.¢ | and/or Gas Wells’ 
a 1943 
Sill Me 
Field, County 5 s 
S 8) 3 To End During | To End | During} 23 
E ay |) ES of 1943 1943 of 1943 | 1943 | BS 
z, 3 0) a, S 1 3 48 
2 Ee $ se | gel|as- 
A S| & 88 | Sa\2e 
1| Anderson, Edd 1,280 515,698 75,647 309 45 32 0 0 
2 Asogheal Toe 7,920} 5,921,025 | 1,707,168 8,370| 3,546) 113 2 0 
SIArtesiMaady sancroetine semceicmatcsot ieee. 5,450} 4,979,054 173,142 16,664 55] 2122 1 
4| Aztec-Bloomfield, San Juan............-..--. 1924 170 41,836 445 132 50 34 0 0 
BlBanber; Lady sajeisos conte. eee eee eae 1936 920 544,344 175,575 be x 23 2 1 
6] Barker Creek Dome, San Juan...........-... 1942 640 =10 0 1,777 845 4 Te) 
7) Benson, ‘Hddyi cate ais ecto ee soe cer ten eer 1943 120 13,583 13,583 x EA 3 3 0 
Si: Blanco, Sand uansasee eee eeeeeeeeceiiee 1929 80 1,4632 39 375 35 1 0; 0 
OW Caprock: Lea ataneclad.ac ee bo ee oe 1940 40 2,714 784 < a 1 0}; 0 
16|(Comanche,'Chates:....tote ccc cate ees 1936 120 11,2502 380 x = 3 0 0 
11. Cooper Teas. 8.8 ened eee eee 1929| 4,680) 14,657,482 780,968 117,108) 5,268) 114 0 4 
12 Corbin; Ledss se otek eee cece 1938 120 48,074 12,955 z z 3 @} 0 
1S} Dayton adie ie. -ctes Ome AE eee 1940 480 74,025 16,999 39 12 iB) 2 0 
T4iast uskibea Pek desc. cee ee ee eee 1942 240 96,552 72,444 x z 6 One 0 
V5 East) Makamars Lea... sew seeeesee eee 1942 640 63,040 57,606 82 74 16 14 0 
1G Haves: Leas case Seaona ves tien sae nse cee ee 1929] 1,080} 2,181,863 346,637 12,980} 3,265 27 1 0 
7} unite: Leah teckeccn cient eee 1928] 39,440] 65,279,703 | 6,463,503 264,994) 27,044) 505 0 1 
ASHenton Had mas came so eveta lo Lee eee 1943 40 545 545 z x 1 1 0 
19} Fulcher Basin, San Juan.........-.+..-.--.+- 1934 940 0 0 2,958} 1,575) 10 3 40 
DO Getty eh day Se vien nae tec aieeciiettstee eee 1928 320 773,668 75,676 x z 11 2 0 
21| Grayburg-Jackson, Eddy..................... 1936} 9,360} 18,515,865 1,915,778 20,220) 3,065) 242] 31 0 
22) Halfway: UeaWenn shes ot oan ee eee 337,227 85,870 z z| 10 0} 0 
23) Hardy, Lea.......... 4,924,446 415,284 257,240} 2,172} 129 0 0 
24| High Lonesome, Eddy. 25,654 3,416 316 4 10 0; 0 
25) HObbS: Diego ra8 crise ats hor ree eg 104,179,111 | 3,797,694 215,211} 5,904] 270 0 1 
26|Hogback San Juan csseos eee eee eee 0} 2,206,227 44,532 rs z 7 0; 0 
27) Hospah;, McKinleyiass-s 4.0... Wacheca See.so-. 980,157 298,360 z z| 30 1| 0 
28h Jaly Leahey cstck shart eee con ee ee 6,488,172 151,991 44,254] 3,149 48 0 2 
29) Kutz Canyon, San Juan 0 0 15,732} 1,404] 17 0! 0 
30 Wanghes leas. nccuiaeee euak seein ee meee 8,615,467 905,036 101,225} 17,9385} 151 1 0 
BL Bieos Mddyic Ree Meee vec Ieleln Mei ae le 95,461 19,349 35 7 7 0 0 
32!) Leonard adi semroy aes tele eee ene ete 1,284,021 270,625 1,583 144 53 15 0 
COW Were s NIB LT pee ee SO ee ee 7,821,150 | 1,285,654 9,994) 1,283] 212 ll 0 
84) bynch; Lea, ea oe. oe. ee ee ee 6,264,809 130,379 z z 16 0 0 
35 iyna, FF AN SAE A SER in eb tie 1,915,669 330,617 14,895} 2,805 51 8 0 
SGM Alar, Akh ne. nee ane eereen 7,199,576 | 1,789,735 19,358] 1,382] 208 18 0 
SC) Mattie, Den: eeccsccsnassncn Cateentan eae meee 7,768,531 748,671 55,065) 10,660) 182 2 0 
381 McMillan) Bday’. sca s<ctros - so jonkrs cae lea. 1988 80 484 0 x m4 2 0 0 
39 Monument, beas-1..250 eeu. cee ce etee 1934} 37,040) 58,775,201 7,234,703 153,174} 13,730) 514 1 0 
40\ North Lynch; Deas ss-4ssn4 tea e eee 1929 80} 1,045,091 6,378 43 4 2 0 0 
41] North Maljamar, Lea.....................-. 1939 40 2,917 0 x 0 1 0} 0 
42) Penrose, Lea 13,460} 8,349,447 612,388 46,181} 5,061! 194 0126 
43] Rattlesnake, San Juan 680} 4,657,387 58,084 E z| 80 2!) 0 
44) Red Lakes, Eddy 3,560 680,259 72,876 807 76} 88 2)/°2 
45| Red Mountain, McKinley 20 3,3702 750z x £ 7 0] 0 
46) Rhodes, Lea 2,540 702,452 183,738 56,781} 5,537, 44 5] 0 
47| Robinson, Eddy. . 560 457,108 31,211 183 12) 14 0; 0 
48 Russell, Eddy 440 34,768 29,933 ec Ete ais 6] 0 
49] Salt Lake, Lea 320 1 
50| San Simon, ea 40} 2930 | “glage | oakea ee ninearl aa 
51) Shugart, Hddy 1,440 838,960 174,319 392 87| 36 0] 0 
52 Skaggs, DAG GNix «novice erate ee 120 118,240 22,152 342 57 3 0 0 
DS Olly; Der siis wa rksstantas ait otis aoe eee 6,640} 3,392,557 325,510 16,389] 2,680} 100 0 0 


» Footnotes to column heads and explanation of symbols are given on page 270, 
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, Wells Produc- Reservoir Character 
ing? Dec. 1943 jaa of Oilt Producing Formation qespee Er eg 
| Oil +, 8g 7 
is : 
8 |. ace 
pe oy - " 
J 2 2 rd of Fd Name and Age? n = és a Namie 
3) #/3 zg |e lcelsd S | <3] 34 [82] 8 <é 
Y B | ss 4 | Se] 3S lEsla? 2 85/23 /8") 3 pe 
y 2] £|8/3| $ | £8] 8 leis g (85/2/38 3 a3 
a] & (<4{5| 8 | <7 | & Sela" A |5a| SEES & BS 
| he ES on ee a8 || a a 
ee ee) 8| 0 z 0 |36.0/0.9 | Grayburg, Per 
2} 113 1) 01,400 | 1,204 | 0 [88.0110 | Grayburg, Per BlGecit ra MRcle Kol ean Ancien Pee’ anes 
3 165| 3 2 ed ‘eae Gaadal Y a, Queen, Grayburg,|] S&L} z : oe 25} A | San Andres, Per 4,035 
me 4h Of 13) 21s z| 0 |55.0/0.1 | Farmington sand, CreU d i 
> 5} Of 19) 1} 550z} 4502] 0 |20.5/0.9 | Yates, Per .' 7 Cav 1,480 - pe ee eer ins 
a 6 4 z z| 0 | Dakota sand, CreU s oy ee aie 
ré 0 3} 0 = z| 0 |26.0/0.9 | Yates, Per : L : 1780 30 R Gore ie ee 
=. 8 1 0} 1/1,200 | 900 | 0 (54.0/0.13 ok pike Pictured} § | z | 4,250 5) H Mars Verde CreU ret 
@ of of ol «| «| 0 |36.011.0 | Seven Rivers, P 
io) of 3] of =| 2| 0 [28.510.9 |San Andres, Per Da tb? palem WLIOS ek cik ae eid 
11) 29) 55) 5) 1,398 z| 0 |29.9/1.5 | Seven Rivers, Per D | Cav| 3,542) 55) A | L.San andr ? pie 
| 12, 0} 2} 01,308 | | 0 /80-51.0 | Queen, Per S |-2 |4258| 45| A |Grayburg, Per [6118 
* 13 9 0} 0 z ew Mee jez 0108 Wares San Andres,} LS | Fis |1,096) 50) A | San Andres, Per | 9/545 
: r A 
= 14 0 6| 0 x z| 0 (24.1/0.9 | Yates, Per L z |2,702| 25] A | Seven Ri P 
a" 15 13 2) 0 z z| 0 |38.50.9 | Graybure, San Andres, a az |4,187| 75) A San Andrea! Par ree 
sb / er 
= 16) 11 14| 2 z zy 0 jog 5/1 .0 | Yates, Seven Rivers, Per |S &L 1 i 
4 17| 404 81| 1/1400 | 928 | 0 |33.8)1.28 Geaybors, Per ee D Cav ae 75 ia Rear ha ete ree 
= 18 0 1} 0 zr z| 0 43.00.6 | Delaware, Per $ z |2,638| 10] A Delaware, bor sete 
-. 19 10} 576] =z) 0} | Pictured Cliffs, CreU $ | z |1,800| 160| H | Pictured Cliffs, | 2,136 
CreU ’ 
= 20 0 7}; 0 z z}| 0 |24.00.9 | Yates, Per LS 1,361) 20 B i 
me 93) 1821 46] 2} = z| 0 (35.5/0.94) Queen, Graybure, San |S&L| 2 | 3'586| 45 i re Mare 
| Andres, Fer 
22 0 6; 0 z z | 0 28.60.9 | Yates, Per LS 2,590) 25 P 
23; 81| 40} 0/ 1,400 z| 0 35.0/0.9 | Grayburg, Per D Cav 3,710} 53 i ee nee 
24 0 3} 1 z z| 0 \34.9/1.56| Queen, Grayburg, Per LS | z/|2,610) 40] A | San Andres, Per 3.163 
+25) +208) = 43) 2) 1,550 1,165 | 0 |34.5)1.0 | San Andres, Per D | Cav| 3,950) 124) A | San Andres, Per 4.500 
26} 7| 0} 0| 560] 560) 0 60.0/0.1 | Dakota sand, CreU S | z| ‘705 9| D.|McElmo, CreL | 1,225 
Ff 27 0} 30) 0 z z| 0 29.0/0.15) Hospah sand, CreU S | 26 | 1,639] 11) DF} Dakota, CreU 3,989 
|) 23) 7 11/16 = z| 0 |36.0)1-0 | Seven Rivers, Per LS | z/|3,303| 31| A | San Andres, Per | 4,125 
- 2 17} 565| 400/ 0) | | Pictured Chis, CreU | § | 2|1,840| 60| H | Mesa Verde, CreU] 4,400 
= 30} 101) 20) 16 1,450 z | RP |38.0\0.9 | Seven Rivers, Per $ z |3,350| | A | Pre-Cam. Granite 9.594 
31 5} 0 z z| 0 35.8)0.94 Grayburg, Per $ z |3,170| | ML| San Andres, Per 3.857 
32| 30 9| 8 = z| 0 |36.0/0.9 rose: San Andres,| 5S z | 2,808| 50| A | San Andres, Per 3.591 
er 
me 33 162) 35) 0} 950 | 452 eats | Grayburg, Per s z | 2,620; 80) A | San Andres, Per | 3,453 
= 34 0 9} 0 1 0 30.0/1.0 Yates, Seven Rivers, Per} D Cav} 3,760| 17} A | Queen, Per 4,046 
5 35} 22) 16) 4/1,365 z| 0 |29.01.0 | Seven Rivers, Per D |Cav|3,576| z| A | San Andres, Per | 5,095 
, 36} 170) 18] 0 z z|RP cab yee Coys. San |L&S| xz |3,965) z| A | L.San Andres, Per | 5,150 
¥ ndres, fer 
e 37| 126) 40} 9/ 1,400 z| 0 37.3,1.0 Yates, Seven Rivers, Per| S z |3,500| 45! A | San Andres, Per | 4,200 
=. 38 0 1 z z| 0 |29.0:1.0 | Queen, Per 8 z |1,200} | A | San Andres, Per | 3,305 
fy. 39| 477) 20} 0) 1,427 | 1,223 | 0 |34.1/1.2 pera San Andres,| D | Cav}3,829) 89} A |San Andres, Per | 4,534 
Z er 
© 40] 0 2 of =| 2] 0 |30.011.0 | Yates and Seven Rivers, D | Cav}3,760| 17) A | Queen, Per 4,046 
= er 
Pe 41 0 1} 0 z z| 0 |33.0/1.0 | Grayburg, Per D z |3,875| 75) A | San Andres, Per | 4,097 
42} 139) 51) 0 z z | 0 |35.2|1.0 | Grayburg, Per s z |3,550| 90} A | San Andres, Per | 4,705 
«43 0} = =36] O z z| 0 |64.5|0.2 | Dakota sand, CreU 8 z |3,550| 90| A | Ignacio quartzite, | 7,397 
7 ‘am 
cof 44 0} 46) 16 z z}| 0 |36.2)0.9 i fen Queen, Grayburg, |L&S| z ; ae z| A | San Andres, Per | 2,905 
ae er ’ 
“a 45 0 6| 0 £ z| 0 |42.0\0.1 | Mesa Verde, CreU 8 z | 438| 13] AF | Mesa Verde,CreU| 640 
- 46} 20 2) 6) 1,397 z | 0 |35.0/1.0 | Seven Rivers, Per 8 z |3,056| «| A | Pennsylvanian 8,859 
47 0} 10) O 2 z| 0 |34.5|0.9 | Grayburg, Per Sy) z |3,919| 80) A | San Andres, Per | 4,359 
48 0 9} 0 2 xz} 0 |38.0/0.8 | Yates, Per S&L| 2 | 788} | A | San Andres, Per | 2,500 
49 0 8} 0 z z| 0 |26.0|0.9 | Yates, Seven Rivers, Per| LS | z | 3,018 48) A | Queen, Per 3,825 
e 50 0 1| 0 x z | 0 |36.0/1.0 | Yates, Per § z |3,935| 23) A | Yates, Per 4,183 
me 51) 21; 12) o| z z| 0 |33.0/0.9 | Yates, Queen, Per g | z/|3,450| | A | San Andres, Per | 4,890 
ay 2 1] 0 z z | 0 |36.0/1.0 | Grayburg, Per L z |3,800| 60) A |San Andres, Per | 4,757 
_ 53 24, 60} 3) 1,420 z| 0 |37.4|1.0 | Grayburg, Per i) z |3,525| | A |San Andres, Per | 4,052 
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by the Repollo Oil Company’s State 
157-F No. 1, in NE. NE. }4 of Sec. 17, 
T. 23 S., R. 36 E. Operators reported an 
initial production of 2ro bbl. oil in 6 nies 
flowing through open 2-in. tubing with a 
gas-oil ratio of 1ro64 cu. ft. per barrel. 
The well was completed at a total depth 
of 3775 ft. in the Seven Rivers formation 
of Permian age. 

A second extension in Lea county was 
in the East Maljamar area. C. T. McLaugh- 
lin et al. drilled their State No. 1 in the 
NW SNE: 44cofisec.6; 1.175. R33 Es 
the well being 3 miles north of the nearest 
production. This well pumped an initial 
production of 96 bbl. oil per day from a 
total depth of 4234 ft. in the Grayburg 
formation of Permian age. 

Maljamar Oil and Gas Corporation 
extended the South Maljamar area 3! 
miles to the southeast with its Cheasman 
No.. 2-X, in the NE. NE. 44 of sec. 22, 
T. 18S., R. 32 E. This well, although called 
an extension to South Maljamar, was in 
reality on a separate geologic structure 
from the rest of the field. Completed at a 
total depth of 4840 ft., the well was plugged 
back to 4795 ft. after drilling into water. 
Initial production was 75 bbl. oil per day 


OIL AND GAS DEVELOPMENT IN NEW MEXICO IN 1943 


on the pump from the Grayburg formation 
of Permian age. 

The deepest well drilled to date in New 
Mexico was completed during 1943. This 
was the R. H. Olsen et al. Langlie No. 1, 
in the SE. SE. 14 of sec. 11, T. 25 5., 
R. 37 E., which was drilled to a total 
depth of 9594 ft. in pre-Cambrian granite 
after testing the Ellenburger formation of 
Ordovician age. Although the operators 
encountered numerous shows of oil and 
gas in both the Permian and pre-Permian 
sections, the well failed to prove a com- 
mercial producer. At the close of the year 
the well was plugged back to 4880 ft. and 
shut down for orders, with some possibility 
of its completion as a gas well. 

At the close of the year two additional 
Ellenburger tests were drilling and a 
third location had been announced. Of 
the two tests drilling, one, the El Paso 
Natural Gas Company’s Ginsberg No. 1, 
was located in SW. NW. 34 of sec. 7, 
T. 25 S., R. 38 E., and drilling at 8362 ft. 
in (possibly) the Pennsylvanian. The 
second drilling well, the Humble Oil and 
Refining Company’s Leonard No. 1, 
SW. SW. 34 of sec. 12, T: 26°S:, R37 ES 
was drilling at 8859 ft. in the Devonian 


TABLE 1.—(Continued) 


Oil Production Gas Production, | Number of Oil 
Total, Bbl.¢ Millions Cu. Ft.¢ | and/or Gas Wells’ 
2 1943 
Field, County e E SaaS a 
I 8 Ts 
by 3 ~ . . o 
3 3 oo o End During To End | Dur a] 
z Al § | of 1943 1943, | of 1943 | 1943°| BS 
= Piet Bs 3|,3 
: al ial 
a p| 4 38 | Saja3 
54] South Eunice, Lea......... 1930} 4,520) 6,425,841 925,1 
Ody bea kane sass cies (ae mera - 1425, 25,158 ; : 
55 pou Loyington; Bred: oa 2 ep, idee 1938} 4,360} 2,229,814 597,235 a He : oa 16 " 0 
56} Sout Maljamar, Lea... 22s ese 1939] 280] "128,187 50,455 "6i|.. 38) Sy eee 
5 ae iy He dys ej. sexe See eres Ram et eee 1941) 5,240 1,387,635 | 1,031,259 1,763} 1,547) 131 35 0 
58| Table Mesa, San Juan..............-.. +... 1925] 100} 638,634 | * 29,860 ee Ses 
§0|"Tocito Dome, San Juans. 22... 0.0. oe venue 1948 40 : 0 a0 0 0 i t 0 
GO prunley Tra ol, Heddy sy... cena eireeneee eeenrees 1943 
o Sh) Betas, ISG: Salt iaiy sx scars see cemeeae 1921 640 be a 9,027 995 3 j | 0 
oy etme | oS mapat| teas | gl aaa ae] 218 
64| West Lusk, Hddy...........................{1941] 120 53,319 39,655 nalts 31 flo 
254,660) 381,207,132z| 38,882,342) 1,497,483] 131,929] 4,382 | 190 | 12 
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shale. Continental Oil Co. et al. were 
building derrick for a projected Ellen- 
burger test in SW. NW. 14 of sec. 23, 


_ T. 205., R. 37 E. 


Eddy County 


The largest producing field in Eddy 
County during 1943 was Grayburg-Jack- 
son, with 1,915,778 bbl. This area still 
led in total recovery, with 13,515,865 bbl. 
The year’s second largest producing area 
was Loco Hills, with a total of 1,285,654 
bbl. Square Lake, during its third year of 
production, was in third place with 
1,031,287 barrels. 

The Loco Hills Pressure Maintenance 
project was operating without too much 
success, approximately 40 per cent of the 
gas produced being returned to the produc- 
ing horizon. At the request of interested 
operators, the New Mexico Oil Con- 
servation Commission had set a _ top 
allowable of 25 bbl. oil per well and a 
maximum gas-oil ratio of 2000 cu. ft. 
per barrel for this field. 

A second repressuring project for Eddy 
County was under construction by the 
Grayburg Oil Co. and associates. This 
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installation will affect a large number of 
the wells in the Grayburg-Jackson area. 

New Mexico’s most active drilling 
campaign for the year was in the Square 
Lake field, where completions totaled 
34 oil wells, r gas well and 1 dry hole. 
Nine drilling rigs were running as of 
Dec. 21, 1043. Closely following in the 
number’ of completions was Grayburg- 
Jackson area, with 31 oil wells and 3 dry 
holes. 

One of the deepest tests to date for the 
county was being drilled by S. P. and 
Martin Yates, Jr.. in NW. NE. 14 of 
sec, 5, 1) 17 S:, R. 30° This. well was 
drilled with cable tools to a total depth of 
6587 ft. in the Abo formation of Permian 
age, where the operators contemplate 
rigging up rotary tools to complete the 
test of pre-Permian formations. 

Three new oil fields were discovered 
in Eddy County during 1943, of which the 
most important was the Benson area. 
This area was discovered by the H. E. 
Yates, Snowden and McSweeney No. 1, 
SE. NW. 34 of sec. 16, T. 19 S., R. 30 E. 
Initial production was 120 bbl. oil plus 
432 bbl. water per day on pump from a 
total depth of 1836 ft. in Yates lime of 
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Reservoir Character 


Deepest Zone Tested? 


Wells Produc. "| pressure, Lb tt Producing Formation 
ing? Dec. 1943 | “Ter Sq’ in. of Oil® to End of 1943 
Ela 
Oil > = @ 
fae e es SS 
° ‘ S a/33 
= ’ S se n 5 Ba N 
at alll a! Name and Age 2 | z/Beelerl ame ; 
Bw |Z 2 |e else S |se|esisel § si 
z| 4 |'s = | 8. | 3 |23/2° 2 |golaslB ul é ae 
q) E |S2la| 3 | #8 | 8 leslie & l25|/ SESE! 8 ES 
Se (S415) 8 | 2718 lo ta B le™| AP ici! za a 
S = 5 i Yeso, Per 6,202 
7 7| 3/1,455 | 1,096 | 0 |33.0\1.0 | Seven Rivers, Per D | Cav) 3,775} 70) A h ' 
3 58 8| 1/1,670 | 1,048 | 0 |33.0/1.0 | San Andres, Per L z |4,350| 2| A osae Andres, A 5,501 
56 4 2| 0 “ z| 0 |33.511.0 | Queen, Grayburg, Per |L& S| 2 |3,946] 62) A ie ae er | 4,840 
57) 128 11 0| 950) 760] 0 |37.8\0.8 | Grayburg, Per rs) z |3,012| 25) A rate at au 587 
58 0 6} 0 z z | 0 |57.0\0.03) Dakota sand, CreU § z | 1,325 Z _ : may ie 8,010 
59 0 0} 0} 2,460 | 2,460; 0 Ouray lime, Dev L z | 6,659 é es , e, | 6, 
burg, P L&8| 2 |2,575| 75) A | Grayburg, Per 2,815 
ee Trt ul ol | Queen, Grays ['s"| 2 [2,285] 60| D Dakota, Cet) | 2.590 
62) 226} 119] 0) 1,630 | 1,117 | 0 |35.5/1.0 | San Andres, Per D | Cav} 4,316} z ; i eres For Hier 
63 5} 14] 0} 1,300 z | 0 |31.0/1.0 | Seven Rivers, Per L z |3,773| 51 ag res, “ 4, 
64 0 3) 0 z z| 0 |26.0/0.9 | Yates, Per L | z/2,509| 20) A | Seven Rivers, Per | 2,763 
2,848] 1,139/136 
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AIO 
TABLE 2.—Summary of Drilling Operations in New M extco 
Important Wildcats Drilled in 1943 
Initial Pro- & 
Location ee aa er 
=I I 
+s 4 Eh 
al 3 Deepest Horizon ; i 2 = 
ones a 2 Tested es z a a rl 
i = z i | ee tae 
Sec. | Tp. | Rge. a . iS a3 a 
3 € a & as 
ela Sj s- pee 
1| De Baca-|. 26 | 18 |26 E | 2,035) Per | Yeso Per Danciger Oil & Ref. Co. 
2) De Baca 8 | 2S |26 EB | 1,890) Per | Yeso Per Danciger Oil & Ref. Co. 
3| Eddy..... 19 |17S |31 E | 2,040] Ter | Queen Per Fren Oil Co. 46 ? 2 
a 
4| Eddy..... 36 |18S |26 E | 1,500) Per | San Andres Per - E. McKee & Stanley 
ones 
5| Eddy..... 28 |19S }27E | 951) Per | Queen Per Trumter Oil Corp. 
6| Eddy..... 3119S |29 E | 2,815) Ter | Grayburg Per R. E. McKee be ee Pump 
: We 
(Mia enna 5 16 {19S |30 E | 1,836) Ter | Yates Per Harvey E. Yates 120 | Pump 
8) Eddy..... 10 |19S |30 E | 2,988) Ter | Queen Per Harvey E. Yates 
9| Eddy..... 22 |21S |27E | 603) Per | Castile Per J. E. Metcalf 
10| Eddy..... 15 |21S |28 E | 2,644] Per | Delaware Per Schuster & Messinger 20 | Pump 
11] Eddy..... 21 |21S |28 EB | 3,525) Per | Deleware Per M. Yates, IIT & R. Nix 
12| Guadalupe] 24 [11 N |18 E | 2,205] Per | Pre-Cam Franklin Pet. Corp. 
i18||Lea.nco. a; 22 |12S |35 E | 5,225| Ter | San Andres Per T. F. Morrow 
38 |35 E San Andres Per B. H. Nolen 
33 E San Andres Per N. G. Penrose, Inc. 
34E Grayburg Per H. P. Taubman 
Grayburg Per C. T. McLaughlin 96 | Pump 
San Andres Per Maljamar Oil & Gas 75 | Pump 
orp. 
Grayburg Per Tidewater Oil Co. 
San Andres Per B. H. Nolen 
Seven Rivers Per | V.S. Welch 
Seven Rivers Per | N. G. Penrose, Inc. , 
Yates Per Neil H. Wills 
Yates Per Argo Oil Corp. 
Yates Per Culbertson & Irwin 
Yates Per Skelly Oil Co. 
Yates Per Skelly Oil Co. 122 | Pump 
Seven Rivers Per | Repollo Oil Co. 840 | 0.89 2 
29| Lea .|711 |25S |37 E | 9,594| Ter | Pre-Cam granite R. H. Olsen et al. 
30} McKinley.| 3 |14S |10 W| 926) Cre | Cretaceous Ambrosia Investors Co. 
31] Otero..... 5 ]26S |16 E | 2,175] Per | Pre-Cam granite Hunt Oil Co. 
32] Quay..... 25 | 8 N |30 E | 6,747] Per | Pre-Cam granite Stanolind Oil & Gas Co. 
33} Roosevelt.| 21 | 2S |20 E | 3,445] Ter | Queen Per W. J. Peterman 
34] Roosevelt.| 1 | 7S |37 E | 5,278| Ter | Yeso Per Malco Refineries, Inc. 
35] Rio Arriba] 3 |27 N | 2 E | 2,009) Per | Pre-Cam quartzite | Helmerich & Payne 
36] San Juan..| 17 |26 N j18 W} 6,919) Per Tivanie quartzite, | Conoco et al. 2.6 (gas 98% Ni) 
‘am. 
37| SanJuan..| 13 |30 N |21 Wj 4,840) Per Hee quartzite, | Conoco et al. 
am. 
38] Sierra..... 8 |14S | 2 W] 507| Cre | Cretaceous C. R. Wofford 
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Dry hole 


Dry hole 
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Discovery well, 
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Dry hole 
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Maljamar area 
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San Simon area 
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P. B. 4885 ft. 
8.D.0. 

Dry hole 

Dry hole 

Dry hole 

Dry hole 
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Dry hole 
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Dry hole 
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Number of wells drilling Dec. 31, 1943 


Number of oil wells completed during 1943 


Number of gas wells completed during 
Number of dry holes completed during 
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Permian age. At the end of the year there 
were three producing wells in the area. 
The oil varies from 24° to 32° gravity 
and has an asphalt base. The second 
discovery for Eddy County was the 
Turkey Track area, discovered by the 
Robert E. McKee State No. 2 in SE. SE. 14 
of sec. 3, T. 19 S., R. 29 E. This well was 
drilled to a total depth of 2815 ft. and 
plugged back to 2710 after encountering 
bottom-hole water. Operators reported 
an initial production of 12 bbl. oil plus 
5 bbl. water per day on the pump. The 
production is from the lower Queen and 
upper Grayburg formations of Permian 
age. A second well was drilling in the 
area at the close of the year. Another 
newly discovered field was designated the 
Fenton area, embracing all of T. 21 S., 


_ R. 28 E. The only successful well drilled 


to date is Schuster and Messinger’s 
Page No. 1, SW. NW. 34 of sec. 15, 
T. 21 S., R. 28 E. Completed at a total 
depth of 2649 ft., the well pumped at the 
rate of 20 bbl. oil per day from the Delaware 
sand of Permian age. The oil is of 43° 
gravity. 


NorRTHWESTERN NEW MEXxXIco 


Hospah Dome was again the leading 
producing field in northwestern New 
Mexico, with 300,810 bbl., followed by 
Rattlesnake with 58,084 bbl. Fulcher 
Basin was the leader in gas production, 
with 1,575,000,000 cu. ft. Only two 
oil wells were completed in this area during 
the year, one in Hospah and one in Rattle- 
snake. Of the six gas wells completed, three 
were in Fulcher Basin. 
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The one discovery for northwestern 
New Mexico was drilled on Tocito Dome 
by Continental Oil Co. et al. The 
well was bottomed at 6919 ft. in Ignacio 
quartzite of Cambrian age. Plugged back 
to 6680 ft. the well gauged 2,600,000 cu. ft. 
gas per day. The gas was reported to 
contain 98 per cent nitrogen and was 
shut in with a pressure of 2460 lb. per 
Soe) Rue 
lime of Devonian age. A failure on Biclah- 
bito Dome was drilled by Continental Oil 
Co. et al. to a total depth of 4840 ft. 
in Ignacio quartzite of Cambrian age. 

The U. S. Government drilled a well 
in the Rattlesnake area which was com- 
pleted at a total depth of 7049 ft.-with a 
reported initial production of 17,000,000 


Production is from the Ouray 


cu. ft. gas per day. Rock pressure was 
2980 Ib. per sq. in. and the gas, from 
Ouray lime of Devonian age, is reported 
to contain an appreciable amount of 
helium. 
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Oil and Gas Developments in New York for 1943 


By C. A. HartNaGEL* 


THe year 1944 marks the eightieth 
anniversary of the discovery of petroleum 
by drilling in New York State. It was in 
1864 that a half dozen shallow wells were 
drilled at Limestone in Cattaraugus 
County, in a region that now forms the 
northern extension of the 82,000-acre 
Bradford pool. These early wells found oil, 
but not in paying quantities. They did, 
however, attract attention to the district 
and were a factor in the development of the 
still active Bradford pool of Pennsylvania 
and New York. 

During 1943, the production of petro- 
leum in New York amounted to 5,029,000 
bbl. This represents a decrease over the 
previous year, in which 5,421,000 bbl. was 
produced. 

The flush production for the New York 
fields occurred in the early eighties shortly 
after the discovery of oil in the Richburg 
pool of Allegany County. During the flush 
period, production was in excess of five 
million barrels annually. By 1887, however, 
the output had decreased to an amount 
only slightly more than two million 
barrels, and through the early years of the 
present century the annual total was often 
less than one million barrels. Flooding of 
the oil sands for increasing production was 
made legal in rg19, and in 1927 the output 
once more reached the two million mark. 
Two years later it had increased to over 
three million barrels. 

In Table 1 is shown production since 
1935, in which year for the first time the 
output under flooding methods was in 


Manuscript received ns the office of the 
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excess of four million barrels. From this 
table, it is evident that oil production in 
New York is rather well stabilized, and 
since most of the oil is obtained by the 
flooding, or water-drive, method, with little 
or no prospect of discovery of new oil 
territory, rapid changes in yield from year 
to year are not to be expected. 


TABLE 1.—Oil Production in New York 
Since 1935 


YEAR PRODUCTION, BBL. 
OKC oe Oe ces, CoE OHENS 
TQ3Oe ss 25.5022 cs REE 003,000 
LOST > wise os Gree a OSe 
EO30.05. 2c. hone ee On Se OoS 
TO3O..2 sce se Coe COO OOD 
TOA. sc. cos as Gere wien AsO QO Ood 
COALS. S25 Roe eee as OSs OOe 
TQ42. fs. Sto A 4 20S 
1043.00 02+) 25. 7 ee O2Qoce 


In thickness, the oil sands have a maxi- 
mum of about so ft., and by means of 
flooding may produce to to 12 thousand 
barrels an acre and proportional amounts 
for thinner sands. In some cases, floods 
have been developed in sands only 12 ft. 
thick. Under good flooding conditions a 
yield of 2000 bbl. an acre is about the 
lower limit at which oil can be produced at 
the present price of $3.00 a barrel. 

The average cost for the physical de- 
velopment of a lease, not including the 
cost of the lease itself, is $5000 an acre. 
Since several months must intervene before 
the flood begins to act on the oil wells, and 
a year or more is required to bring the 
wells to maximum daily production, it is 
evident that a considerable interval occurs 
before maximum returns are realized. 
Once a flood is developed and the wells 
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C. A. HARTNAGEL 


begin to yield, it is essential that produc- 
tion be maintained. 
From the standpoint of investment, the 


number of years necessary to water out a 


sand is an important consideration. In some 
sands, most of the oil can be obtained 
within 10 years, but in certain tight sands 
the flooding period may require 20 years, 
and thus greatly reduce or even eliminate 
any profits. Nearly every lease is a problem 


in itself, and should receive careful en- 


gineering study and laboratory exami- 
nation of the sand before the development 
of the lease is undertaken. 


NATURAL GAS 


Efforts to obtain new supplies of natural 
gas from the Oriskany sandstone were con- 
tinued in New York during 10943, but 
without noteworthy results. During the 
year, 26 wildcat wells were drilled (Table 
2). In Allegany County, six wells, one in 
each of the townships of Andover, Angelica, 
Belfast, Bolivar, Wellsville, and Willing, 
were drilled, but none were productive. 
Four of the wells were over 4600 ft. deep. 
In Steuben County, bordering Allegany 
County on the east, nine wells distributed 
in five townships were completed as dry 
holes. Four of the wells were more than 
5000 ft. deep, and three over 4000 ed Bi 
Chemung County, directly east of Steuben, 
where the Oriskany lies about 3000 ft. be- 
low the surface in the lowlands, five wells 
were drilled without finding any gas. In 
Tompkins County, lying northeast of 
Chemung County, four wells were drilled 
to the Oriskany. Two of these, in Groton 
Township, were successful. The first had an 
initial daily production of 1,000,000 cu. ft. 
of gas, the other 2,500,000 and constituted 
the only initial Oriskany production of the 
year. One Oriskany well drilled during 1943 
was in the town of Orange, Schuyler 
County. The well was bottomed at a depth 
of 2902 ft., but no Oriskany sandstone was 
found. 
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There have been no important changes 
in operating technique in any of the New 
York oil or gas fields. The practice of under- 
ground storage of natural gas in depleted 
fields for peak winter use is being extended. 
This type of storage, used as early as 1918 
in the Silurian rocks of Erie County, has 
now been successfully applied to the 
Oriskany sands of Devonian age, some of 
which lie more than 4000 ft. below the 
surface. 

Of considerable interest is a deep test in 
the Woodhull field of Steuben County, 
which is being made to the Silurian and 
perhaps the Ordovician formations, and 
already has reached a depth of over 
6000 ft. A previous deep test in Erwin 
township, Steuben County, some 14 miles 
to the northeast of Woodhull field, reached 
a depth of 6825 ft., but was unproductive. 

Previous to the discovery of gas in the 
Oriskany sandstone in 1930, the bulk of 
natural-gas production in New York State 
came partly from the Medina sandstone of 
western New York, which is of Silurian age; 
and to a Jesser extent from the relatively 
shallow formations of Devonian age in 
southwestern New York, which include the 
oil-producing sands of Cattaraugus and 
Allegany Counties. In addition, the Tren- 
ton limestone of Ordovician age contributed 
substantial quantities to the annual pro- 
duction from fields lying near the east end 
of Lake Ontario. 

For many years before the discovery of 
natural gas in the Oriskany sandstone, the 
production for the state as a whole averaged 
about seven billion cubic feet yearly. The 
increase in annual production due to new 
supplies from the Oriskany first became 
evident in the 1935 total, when New York’s 
gas production increased from seven 
billion to over eight billion cubic feet. 
Following the discovery of Oriskany gas in 
the Greenwood, State Line, Woodhull and 
Beech Hill fields, the annual yield rose 
rapidly until, in 1938, the state total 
reached a maximum of 39 billion cubic feet. 
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OIL AND GAS DEVELOPMENTS IN NEW YORK FOR 1943 
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- Since that time, with the gradual exhaus- 


tion of the fields and failure to find new 


‘pools, production has declined, totaling 


less than nine billion cubic feet of gas in 
1942. Thus the annual volume is rapidly 
receding toward the seven billion average 


if produced previous to the discovery of Oris- 
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TABLE 3.—Production of Natural Gas in 
New York since 1935 


: Price, 
Year oe Value Cents per 
ae M Cu. Ft. 
| 
MRS Siri vance m= 8,288,000 | $ 5,909,000 72.8 
BENS Oig craton so » 12,431,000 8,645,000 690.5 
] UE re 21,325,000 12,388,000 | 58.1 
2 eee ae 39,402,000 18,324,000 40.5 
PARE ae a aie os 4 29,222,000 15,201,000 | 52.0 
ROAOG So. ss 12,187,000 8,246,000 67.7 
AT Oey ae.0.ere 10,456,000 7,852,456 7S. 0 
SEPA e's ein) win 8,718,000 6,498,000 74.5 
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kany gas. The present annual yield repre- 
sents not only the effect of the marked 
decrease in Oriskany gas, but also the 
gradual falling off in the older gas fields— 
the Medina, Trenton and older Devonian 
wells. 

In Table 3 is shown the rise and decline 
of natural-gas production in New York 
State since 1935. The values represent the 
prices paid at points of distribution, mostly 
within the state, before the gas is dis- 
tributed through the city mains. 

From its favorable location as regards 
markets, any natural gas produced in New 
York finds a ready sale, and efforts are 
being continued to obtain new supplies in 
the Oriskany. At the beginning of 1944, 
nine wells were being drilled to the Oris- 
kany sand. 


Oil and Gas Development in Ohio in 1943 


By KenNnetH CoTTiIncHAM,* MermBer A.I.M.E. 


THE number of wells drilled in Ohio in 
1943 was slightly in excess of the number 
drilled in 1942. Compared with the average 
annual -completions for the five years 
preceding, the year 1943 was short 11 per 
cent, but the average initial volume of gas 
wells was considerably improved. In 1942 


no new development in the Trenton area 
of western Ohio. 

The number of oil wells decreased from 
181 drilled in 1942, to 170 in the year 
1943. The production of Pennsylvania- 
grade oil increased 7644 bbl. The total 
Corning production, however, decreased 


TABLE 1.—Wells Drilled during 1943 in Ohio 


Oil Wells Gas Wells 
* Total 
Number of 
Sand Average Average Hote Number 
Number of Initial Number of Initial Diodes Drilled 
Wells Daily per ells Daily per 
Well, Bbl. Well, Bbl. 
Shallow. . 1e tn andidaarars 32 16 57 471 72 I61 
Berea ns: oanies peace aCe 44 " 89 214 82 215 
Ohio Shale I2 124 2 14 
Oriskany I 40 17 1,392 5 23 
Newburg 4 661 I 5 
Clinton 86 66 276 1,237 223 585 
Trenton 7 14 5 12 
Sub-Trenton 7 I 
Total 170 39 455 913 301 I,016 
ee 2 eee ee 


the average initial open flow per gas well 
was 668 M cu. ft., whereas in 1943 the 
average was 913 M cu. ft. Although no 
large gas-producing areas were discovered 
during the year under review, some 30 small 
pools were found in 17 of the counties of 
eastern Ohio. These new pools averaged 
about 300 acres each, and most of them 
were not extensions but were separate 
pools adjacent to older production. The 
Clinton sand furnished most of these dis- 
coveries, although six were from the Berea, 
one was Newburg, and three were shallow 
sands. No discoveries were made outside 
former producing counties, and there was 


“Chief Geologist, The Ohio Fuel Gas Com- 
pany, Columbus, Ohio 

Manuscript received at the office of the 
Institute March 17, 1944. 


91,325 bbl. The present price of Corning- 
grade oil, $1.31 per bbl., is too low, in 
the opinion of the operator, to justify 
exploration. Until something is done in 
correcting the price level of Corning grade, 
the production probably will continue to 
decline. The oil industry in Ohio is making 
a concentrated effort toward increased 
production and improved methods of 
recovering Pennsylvania-grade oil, and 
as this report is written a research and 
engineering program is being formulated 
for the benefit and information of the 
various producers of that grade in Ohio. 


GENERAL ACTIVITY 


The most active county from the view- 
point of number of wells was Perry, where 
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55 oil wells were drilled, 33 of which were 
in the Clayton pool, discovered in 1936. In 
addition to the 33 oil wells, 3 gas wells and 
11 dry holes were drilled within this pool 
during 1943. The largest oil well during 
the year had an initial of 270 bbl. per day. 


No additional acreage was proved, and 
3 the total at the end of 1943 was 4200 acres. 


TaBLE 2.—Completions in Ohio in 1943 


Oil Gas Dry |e 
County Wells | Wells | Holes Total 
GT UEN s Soe aa 5 22 I I 
PRGHENS =o secs cs 10 27 Ne a 
eimont........- 2 2 
Peseeettoe ei cs ss sn 4 2 6 
Columbiana...... I I 7 ° 
Coshocton........ 8 8 Il 27 
Cuyahoga.......- : I I 2 4 
airfield. ...... 5 I 5 4 10 
BPRIECIGL ciciew- <1 < «= ° I 10 
OE ae es 5 | 5 10 
Guermsey.....-..- ' 2 20 | 8 30 
~Hancock..... I I 
larricon......\/~ 3 o I 4 
4 2 2 
2 8 4 14 
I 26 17 44 
I I 
I ° 5 6 
5 13 23 
I I 
4 5 9 
2 5 4 It 
29 24 53 
2 2 
3 38 14 55 
4 26 II 41 
az I 3 
ory ae Ee: 10 30 
WROTUETE as. osc sme > 5 53 25 83 
Muskingum...... 14 35 26 15 
PSE cin 5 <a = 21 iz 26 50 
Perry.. eee x 55 22 42 119 
PPS seis sem 54 I I 
Richland........- 7 3 10 
Meainiruee . rhe partes 25 7 32 
Summit..... 13 9 22 
Tuscarawas.....- EX 8 19 
Vinton. I I 
Washington...... 6 20 23 49 
WAVE: .06 0-2-1 15 rie 28 
WWI Se ont eam > & s 2 5 
TGEAIS es cn~ « < 170 455 391 1,016 


Morgan County had a total of 83 com- 
pletions, of which 5 were oil wells, 53 gas 
and 25 dry. Only one oil well was impor- 
tant. This was completed in the Clinton 
sand at a depth of 4202 ft., had an initial 
production of 105 bbl., and was located 
in Bloom township. In York township, 
29 gas wells were completed, the largest 
being a Clinton well having an initial open 
flow of 3675 M cu. feet. 
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Muskingum County was third in drilling 
activity, with 14 oil wells, 35 gas wells, 
26 dry holes, or a total of 75 completions. 
The largest oil wells were in Falls, Newton 
and Wayne townships, the well in Falls 
township being described in detail later. 
The largest gas wells were likewise in 
Wayne township. 


TABLE 3.—Production of Oil>in Ohio in 
1943, Tabulation by Grade 
Number 
Grade of Wells Barrels 
Pennsylvania So hlwite cic stem 11,470 1,759,210 
EAA oe seams = seers 7,100 325,000 
Gornmin. Joc ccaith ee = « 3,407 881,021 
Cleveland-Chatham*........ 1,358 476,972 
gi 7 aS Ae ae ey a 23,335 3,442,203 
ES OS i ite Sale aT a ee LS 


2 Formerly Lodi. 


Athens County was active, but prac- 
tically all drilling was in shallow sands— 
chiefly Cow Run, Macksburg, Keener, 
and Injun—and only five wells were drilled 
to the Clinton sand, three of them being 
dry and two being small gas wells. 

The total footage drilled in completing 
the 625 oil and gas wells was 1,594,748 feet. 


Horizons TESTED 


As usual, more than half of the wells 
completed were drilled to the Clinton sand. 
The total depth of all such wells—oil, gas 
and dry—was 2,003,004 ft. None of the 
Clinton tests was out of the ordinary from 
the standpoint of location, although two 
deeper than average dry holes were drilled 
in Guernsey County. One was 5 Ay OMAits 
deep in Center township. The other, in 
Wheeling township, was drilled originally 
as an Oriskany test. When found dry in 
that formation, drilling was resumed to a 
total depth of 4766 ft., where the well also 
was dry in the Clinton. 

Only one sub-Trenton well was drilled. 
This was in western Ohio in Recovery 
township, Mercer County, and the total 
depth was 1643 ft. The well was dry. All 
the Trenton tests, with one exception, were 


418 


in western and northwestern Ohio in the 
general area of Trenton production. The 
exception was in sec. 22 of Olive township, 
Meigs County, which is in southeastern 
Ohio many miles from Trenton produc- 
tion, and would therefore be considered a 
wildcat test. This well, known as the 
Sinclair Prairie-Longsworth, was reported 
to be a seismic location. It was dry in all 
formations, reached the top of the Trenton 
at 6884, and finished at a depth of 7466 ft., 
where it was abandoned. Total footage of 
all Trenton tests was 23,221. 


TABLE 4.—Number of Completions in Ohio, 


1939-1943 
Oil Gas Dry 

Year Total 

Num-} Per |Num-| Per |Num-| Per 

ber | Cent} ber | Cent] ber | Cent 

* 

1939 170/16.67| 501/49.12| 349/34.21| 1,020 
1940 327|26.63) 491/39.98] 410/33.39} 1,228 
1941 333/21.33} 701/44.91/ 527/33.76| 1,561 
1942 I8Ij17.95| 471/46.73] 356 35.32] 1,008 
1943 170/16.73) 455/44.78] 301|/38.40| 1,016 
Total. .| 1,181/20. 25] 2,610/44.90| 2,033/34.85 5,833 


Of the five wells drilled to the Newburg 
(Silurian) limestone, four were gas wells, 
the largest of which was in lot 37, Brecks- 
ville township, Cuyahoga County, and had 
an initial open flow of 1500 M cu. ft. 
and an initial rock pressure of 1120 |b. 
Total footage drilled to the Newburg 
during the year was 13,983. 

Most of the Oriskany wells were in 
Liberty and Wheeling townships, Guernsey 
County, where 15 gas wells and only one 
dry hole resulted. An Oriskany oil well 
having an initial production of 40 bbl. 
was drilled in sec. 15, Blue Rock township, 
Muskingum County. In Richfield town- 
ship, Summit County, two Oriskany wells 
were completed, their combined initial 
open flow being 437 M cu. ft. Total 
Oriskany footage was 70,857. 

Berea wells were drilled in 22 counties. 
The greatest number in any one county 
was Athens, with 34 wells. Total Berea 
drilling was 289,158 feet. 


OIL AND GAS DEVELOPMENT IN OHIO IN 1943 


Shallow formations, which in the classifi- 
cation here includes about 15 horizons 
lying above the Berea, were the objectives 
of 4o wells in Washington County and 
34 wells in Athens County. Total shallow 
sand drilling was 147,552 feet. 


LocaLt DEVELOPMENT 


Penfield and Wellington townships, 
Lorain County, lie along the western (the 
updip and transitional) side of the Clinton 
trend in northern Ohio. A gas well drilled 


TABLE 5.—Annual Oil Production in Ohio, 


1939-1043 ~ 
rien AT 


Yy Production, | Number of | Average Per 
ae Bbl. Oil Wells Well, Bbl. 
1939 3,156,000 25,680 123 
I940 3,169,000 25,500 124 
IQ4I 3,510,000 24,801 I42 
1942 3,664,000 24,080 I52 
1943 3,442,000 23,335 148 


oa ee ee 
in 1942 discovered this pool, but it was 
not until 1943 that the area was actively 
developed. Approximately 800 acres had 
been proved at the end of 1942, and this. 
was extended an additional 1200 acres in 
1943 by the 17 gas wells drilled during that 
year. A number of unusually large wells 
were completed, among them being wells 
with initials of 13 million, 12 million and 
7 million cubic feet. Eight dry holes were 
completed here in 1943. The average 
Clinton depth is about 2400 feet. 

In southwestern Clinton township, 
Wayne County, and in adjacent Wash- 
ington township, Holmes County, 12 gas 
wells and 3 dry holes were drilled, adding 
approximately tooo acres and increasing 
the proved area to sooo acres. This is a 
Clinton pool, and the depth of the wells 
is about 3100 feet. 

Sandy township, Tuscarawas County, 
had six Clinton gas wells and two dry holes. 
The gas wells were not large, the best 
gauging only 1250 M cu. ft. when com- 
pleted. These wells added 700 acres to 
proved territory, which is in the north- 
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eastern part of the township. The wells 
average 4850 ft. in depth. In the adjacent 
township to the north—Pike township, 
Stark County—21 gas wells and 3 dry 
holes were drilled. The average initial 
open flow was only 870 M cu. ft. per well, 


and the average Clinton depth 4800 feet. 
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TABLE 6.—Annual Production and 
Consumption of Natural Gas in 
Ohio, 1938-1942 


Annual Consump- 


Annual Produc- 


Year tion, M Cu. Ft. | tion, M Cu. Ft. 
1938 35,257,000 108,013,000 
1939 36,469,000 114,720,000 
1940 40,639,000 129,856,000 
1941 41,858,000 136,251,000 
1942 45,055,000 146,137,000 


Within the limits of an older pool in 
_Hinckley township, Medina County, 16 
gas wells were drilled during the year. The 
total area proved at the end of 1943 was 
approximately 4000 acres, and the depth 
of the Clinton sand is about 3350 feet. 
One locality only was active in Oriskany 
drilling—the northward extension of the 
older Cambridge field, in Liberty and 
Wheeling townships, Guernsey County. 
The discovery well was completed in July 
1942 in sec. 21, Wheeling township. Last 
year 14 gas wells and 2 dry holes were 
drilled, adding about 2500 acres. The 
average initial open flow of the gas wells, 
including one drilled in northeastern Knox 
township, was slightly over 1500 M cu. ft. 
per well. The Oriskany is about 3400 ft. 
deep. 

Berea development was _ scattered, 
Athens and Morgan Counties leading in 
the number of wells. In northern Bedford 
township, Meigs County, 12 gas wells and 
2 dry holes were drilled, adding about 
ro0o acres to proved territory and increas- 
ing the total proved area of this pool to 
1500 acres., The largest well gauged slightly 
more than tooo M cu. ft. The Berea sand 
is about 1650 ft. deep. 
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The most active oil-producing area 
continues to be the Clinton pool in north- 
western Clayton township, Perry County. 
This pool was expanded about 600 acres 
during 1943. During the year, 33 oil wells, 
3 gas wells, and rr dry holes were drilled. 


TABLE 7.—Prices of Crude Oil in Ohto 
during 1943 


Grade 12-31-42 | 12-31-43 
Pennsylvania.............+-- $2.55 $2.55 
TAME ynic's He istisins = shies 625 1.50 1.50 

GUase crc! woe coteueute atts Tear Last 
Cleveland-Chatham?.......... i230 I.30 


@ Formerly Lodi. 


The largest of the oil wells had an initial 
production of 270 bbl. This oil is Pennsyl- 
vania grade, and the pool now covers an 
area of 4200 acres and contains approxi- 
mately 160 oil wells. 


LARGE WELLS 


The largest oil well of the year, and 
probably the largest Clinton oil well ever 
completed in Ohio, was the Wittmer Oil 
and Gas Company’s Johnson No. 1, in 
the fourth quarter of Falls township, 
Muskingum County. This well had an 
initial production of 550 bbl. and a depth 
of 34094 ft. The oil is Pennsylvania grade. 
Unfortunately, very little acreage has been 
proved, the offset and adjacent completions 
all being dry or small. The 270-bbl. 
Clinton well in Clayton township, Perry 
County, that has been mentioned was the 
Wehrle Adrian No. 1, sec. 4, which was 
3395 ft. deep. The Preston Oil Company’s 
Madden No. 4, sec. 12, Reading township, 
Perry County, had an initial production 
of 243 bbl. from the Clinton at 3156 feet. 

The year’s largest gas well was the Ohio 
Fuel Gas Company’s Sletzer No. 1, sec. 2, 
Wayne township, Muskingum County. 
The initial open flow was 14,000 M cu. ft. 
and the initial pressure 1160 lb. The well 
is 4031 {t. deep. Two additional large wells 
were in Lorain County, the larger being 
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in lot 9, Penfield township, and having an 
open flow slightly under 13,000 M cu. ft., 
and the other in Wellington township, 
gauging 12,470 M cu. ft. Both produce 
from the Clinton sand at a depth of about 
2400 feet. 

In southern Ohio an outstanding Clinton 
gas well was found in northwestern Green- 
field township, Gallia County—the Tren- 
ton Gas Company’s Litton No. 1, sec. 18, 
with a depth of 2927 ft., an open flow of 
7500 M-cu. ft. and an initial pressure of 
1030 pounds. 


DrEp TESTS 


An interesting test was made by Sinclair- 
Prairie in sec. 22, Olive township, Meigs 
County. It was drilled as an Oriskany test, 
but when that formation was unproductive 
was continued to the Clinton, and finally 
to the Trenton. This well has been briefly 
described under the section Horizons 
Tested. 

Of the two deep and unproductive 
Clinton wells that have been mentioned, 
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one was in sec. 2, Center township, 
Guernsey County, and ended at 5476 ft.; 
the other was in sec. 21, Wheeling town- 
ship, Guernsey County, and ended at 
4766 ft. In sec. 34, Union township, 
Tuscarawas County, a dry Clinton well 
was drilled to a depth of 5400 ft., and in 
lots 8 and 21, Mill township, Tuscarawas 
County, dry Clinton tests were drilled to 
depths of 5254 and 5218 ft., respectively. A 
deep test to the Clinton in sec. 6, Bristol 
township, Morgan County, was drilled 
to a depth of 4846 ft., where it was dry 
and abandoned. The deepest Clinton well 


of the year was that in sec. 16, Springfield — 


township, Mahoning County, which fin- 
ished-at a depth of 6059 and was dry. 
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Oil and Gas Development in Oklahoma in 1943 


By Raymonp D. SLoAn,* MEMBER A.I.M.E. 


Droppinc from third position among the 
oil-producing states of the nation in 1942, 


~°Oklahoma ranked fourth in 1943 with a 


total output of 121,431,000 bbl., a decline 
of 11.9 per cent from the previous year’s 
total of 137,792,000 bbl. 

Production ranged from a maximum of 
346,900 bbl. daily in February toa low of 
322,800 bbl. daily in October, and at the 
close of the year was averaging 330,000 
bbl. daily from 52,006 wells, or an average 
of 6.3 bbl. per well. The state’s well aver- 
age at the close of 1942 amounted to 6.7 
bbl. At the turn of the year, it appeared 
reasonable to assume that Oklahoma’s 
producing rate would continue its down- 
ward trend during 1944 unless reversed by 
greater than normal discoveries. To Jan. I, 
1944, Oklahoma has produced 5,188,466,- 
ooo bbl. of crude oil. 


DEVELOPMENT AND EXPLORATION 


A total of 1287 wells was drilled in 1943, 
representing an increase of 77 wells, or 6.4 
per cent over the preceding year’s total of 
1210. Of the wells completed, 587 (45.6 per 
cent) were oil wells with an average initial 
production of 319 bbl.; 127 (9-9 per cent) 
were gas wells with an average initial of 
8,639,000 cu. ft.; and 573 (44.5 per cent) 
were dry. 

A~total of 333 wildcats was drilled 
(25.9 per cent of all wells), an increase of 
13 (4.1 per cent) over the 1942 total of 320. 
Of the wildcats drilled, 46 (13-8 per cent) 
were oil wells with an average initial pro- 
duction of 235 bbl.; 27 (8.1 per cent) were 
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gas wells, with an average initial of 8,249,- 
ooo cu. ft.; and 260 (78.1 per cent) were 
recorded as failures. Reconditioning of 
wells throughout the state led to a total 
recompletion of 230 wells. Of these, 131 
were oil wells with a combined initial 
production of 8360 bbl., 31 were gas wells 
with a total initial of 211,950,000 cu. ft.,. 
and 68 were abandoned. 

The 46 successful wildcats opened 33 new 
producing areas, one of which produced 
from three separate horizons, and led to 
the development of production in new 
horizons in 11 old pools. While none of the 
1943 discoveries have as yet developed into 
what might be termed major pools, the - 
West Moore pool, in Cleveland County, 
and the West Edmond pool, in Oklahoma 
County, are the two outstanding new areas 
opened to production. 

The West.Moore pool, sec. 29, 10 N., 
3 W., discovered in December 1943, was 
completed for an initial production of 248 
bbl. of oil in 3 hr. through small tubing 
chokes in the second Wilcox sand from 
8787 to 8800 ft. One well was drilling in 
this area at the close of the year. The West 
Edmond pool, an April discovery in sec. 32, 
14 N. 4 W., is producing from the Hunton 
lime at a depth of approximately 6950 tes 
the world’s deepest Hunton lime pool. To 
the end of the year, 15 oil wells had been 
completed, with no gas wells and no 
failures. Accumulated production to Jan. 
I, 1944, amounted to 474,300 bbl. of 41° 
gravity oil. There were 29 active operations 
in the field at the end of the year. 

The West Edmond and West Moore pool 
discoveries established the first commercial 
production west of the Granite Ridge, 
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OIL AND GAS DEVELOPMENT IN OKLAHOMA IN 1943 
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TABLE 1.—Oil and Gas Development in Oklahoma. 
Oil-pro- 
Area duction 
Proved,|Total Oil Production, Bbl. | Number of Oil and/or Gas Wells | Methods, 
Acres? End of 
1943 
Year of Durin Number 
Field, County Discoy- 1943" End of 1943 of Wells 
ery 
5 To End During Cen 
ey Oil | of 1943 1943 1S eS Bee 
Oo; oO 1) 
EI £2| 2 /8lssis q 3 
2 2s/ 2 lg/seis ses 12] 8 
: GS) @ [sles] se |s3le| ge 
8 S@| 5 [Sle] £° [29/2 | 35 
CENTRAL OKLAHOMA 
1| Agra, West, Lincoln............ 1927 40 223,633 29,513 3 3 
DIVAN ERY LAN COUN) eras ei) ueticlele ste 1939 120 13,084 2,526 3 3 
3} Chandler, Lincoln.............. 1924 1,255 12,332,434 204,862 5 46 46 
4| Davenport, Lincoln............ 1924 2,335 12,288,334 158,958) 222 114 114 
5 North, Lincoln. ...)..5.222 1941 130 62,332 8,666 5 5 
6 West, Lincoln... .........- 1940 50 125,230 26,413 5 5 
7| Gessman, Lincoln........ ae 1934 160 429,067 21,300 9 9 
8] Hoyt, Lincoln......... 1935 265 1,395,785 34,595 8 8 
9} Kendrick, Lincoln. 1940 40 51,777 7,979 1 2 2 
10} Laffoon, Lincoln. . . 1932 470 2,260,800 186,675 12 12 
11] Lincreek, Lincoln........ 1932 275 251,317 9,125 8 8 
12} McLoud, North, Lincoln........ 1943 160 35,616 35,616 4 4 3 3 
13} Meeker, South, Lincoln......... 1943 80 5,548 5,548 i eat 1 1 
14)'Payson, Lincoln... 0.0.0 655. 1940 40 15,815 3,975 1 1 
15) Peck Lincoln sesacett skeet es 1926 160 576,635 56,971 5 5 
16) Perkins; Uincoln-- 5 ieee sleee. 1940 150 228,001 30,765 3 3 
17| Sac and Fox, Lincoln........... 1924-37 1,830 3,509,031 183,142 140 140 
18] Skellyville, Lincoln............. 1925 310 1,815,627 20,810 12 12) 
19} Sporn, Lincoln...............- 1936 150 767,622 46,039 6 6 
20 East, Lincoln........... 4 1942 10 7,650 609 1 1 
21} Stroud, Lincoln................ 1923 590 9,222,652 155,654 25 25 
22! Wellston, North, Lincoln....... 1936 500 1,479,606 49,458 9 9 
23| Wilzetta, Lincoln.............. 1934 220 1,190,638 48,687 ll 11 
24 South, Lincoln............. 1936-42 80 333,540 123,541 2 6 6 
25] Miscellaneous, Lincoln.......... 280 751,271 21,997 7 ig 
26} Cleveland, Pawnee............. 1904 4,255 40,436,910 140,890 4 214 214 
27| Greenup, Pawnee.............. 1926 x Abandoned 
28 Hallet, (Pownce aha ees 1922 1,665 24,090 2 45 45 
29] Jennings, Pawnee.............. 1916 1,375 4,097,427 57,670 71 71 
30| Keystone, Pawnee............. 1919 5,565 | 2,763,244 128,115 eee 299 
31] Lauderdale, Pawnee............ 1915 4,300 | 13,784,445 181,770 183 183 
32) Maramec, Pawnee............. 1920 1,990 3,259,827 141,620 81 81 
83] Masham, Pawnee.............. 1924 290 z 6,570 5 5 
34 cere oe Pawned.. See 1941 10 8,731 Abandoned 
35] Ralston, Pawnee............... 1924 205 x Abandoned i 
36] Skedee, Pawnee................ 1926 160 223,486 13,610 3 cei tos 7 7 
37| Terlton, Pawnee............... 1912 980 909,906 8,760 12 12 
38 North, Pawnee............ 1917 2,010 3,261,667 42,705 69 69 
39] Watchorn, Pawnee............. 1922 5380 7,646,573 74,595 15 15 
40} __. Hast, Pawnee.......... 1942 820 1,456,465) 1,025,333 22 7 22 22 
41] Miscellaneous, Pawnee. . 280 z 13,020 8 8 
42] Broyles, Payne...... 1918-39 170 12,045 5 5 
43 East, Payne. 1940 110 34,422 Abandoned 
44| Coyle, Payne..... 1988-40 1,388 5,795,693 1,614,026 36 36 
45 orth, Paynes cjoiccvcc ces 1942 80 40,393 5,944 1 1 
46| Garr, Payne....... Manatee 1920 1,135 2,742,538 128,845 32 32 
47| Glencoe, Payne................ 1943 0 18,875 18,875 1 1 1 i 
48] Ingalls, Payne... os cccccccesss 1914 | 1,110 6,325,089 105,850, 30 24 
49] Ingalls, East, Payne............ 1943 120 14,474 14,474 1 1 1 0 
‘BOP March; (Pane: ssc eal dosuk ny 1922 1,410 z 62,415). 20 20 
51 orth, Payne:..cehcce see 1926 155 z 21,170 7 7 
Ve Mathes, ie i eh Aen ene ae 260 64,700 6,203 1 4 4 
OBY) FGPNEL a chine tent: 40 13,03 
54] Mehan, Payne................. Prior to =e SPA = : 
1925 670 2,339,218 1,372 3 3 
55 Northeast, Payne.......... 1941 85 92,073 29,616 3 3 


» Footnotes to column heads and explanation of symbols are given on page 270. 
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TABLE 1.—(Continued) 


Character 
. Producing Formation Deepest Zone Tested 
ee Stent to End of 1943 
eo 
a $s Depth, 
pj Ss Avg. Ft. 
by & | Gravity 
=. |o APL at . as 
r=] é ” ame Age 2 
mn 2 | = | Weighted . . 7 a\é Name 
~ 2 | & | Average Sie] 2 |a® ee] 8 ‘si 
es |5 £18) 28 |2258) 3 a3 
a |e SS SS ota Pea | aa 
CENTRAL OKLAHOMA 
is 
* 1 
P 2 44 Prue Pen 
3 38 Various Pen, Ord 8,L | Por 3,250) 5,020 A 
4 43 Various Pen Ss Por | 2,600/3,580} 50) ML 
a? 5 41 Prue Pen 3,535) 3,548) 13 
3 6 46 ue Pen 
a a) 7 44 Cleveland Pen NS) Por z x M 
, 8 40 Ist Wilcox Ord S | Por z|5,100| =z 
‘1 a | Wile Ord 
> cox S | Por} 4,190) 4,275 A | Wilcox 
- il 46 Wilcox Ord s Por z x 
"12 37 | Wilcox Ord $ 5,635| 5,641| 6 Wilcox 5,638 
mn. 13 43. | Wilcox Ord $ 5,544|5,547| 3 Wilcox 5,545 
me 614 35 Lower Skinner | Pen 
i 15 23 2nd Wilcox | Ord 
16 43 Hunton Sil 
17 46 Prue Pen iS) 
¢ 18 41 Various Pen, Sil, Ord,| 8, L 
4 : Cam 
: 19 46 Simpson. 4 Ord Ss 4,500| 4,600) + 
.. 20 Upper Simpson, Wilcox Ord Ss 4,555 10 
oo 21 41 Various Pen, Ord 8 z 4,240| 4,290) 50 Wilcox 4,520 
A 22 40 Wilcox Ord s 
o 23 40 Hunton, Viola Sil-Dev, Ord 
“i 24 35 Hunton, Viola, Bartlesville — Ord, 
$04 en 
25 40 Prue, Wilcox Pen, Ord iS) 
» = 36 Various Pen, Ord, Cam| §,L | Por 1,300) 2,400 
al 
i 28 38 Various Pen, Ord 
29 37 Various Pen, Mis, Ord | 8, L z z z 
30 37 Various Pen, Mis, Ord | 8, L 1,100) 1,970 
31 37 Various Pen, Ord, Cam! §, L 1,185} 3,000 
t 32 OT Various Pen 2,400) 3,200 
ye 383 39 Various Pen, Mis, Ord | 5, L 
A 34 42 Misener Mis 3,363] 3,367| 4 
4) 35 39 Various _ : Pen, Ord 
‘a 36 40 Bartlesville, Burgess, Skinner | Pen 8 
37 38 _| Various Pen, Ord 
= 38 38 | Various Pen, Ord 2| 
a 39 41 Various Pen, Mis, Ord | S,L | Por 
me 40 43 | Wilcox Ord 5 3,880 15 
J 41 37 Bartlesville, Wilcox Pen, Ord NS) 
. 4 43 _| Bartlesville, Viola, Wileox | Pen, Ord 8, L 
43 36 
Se 46 | Hunton, Wilcox Sil, Ord co ae 2| a2| 2 
- 45 41 | Hunton SIDev a | st 4,751 9 
= 46 38 arious en, Mis, 5 d 
“f 47 43 Misener Mis iS) 4,029| 48] 19 Wilcox 4,121 
48 39 _—_| Various Pen, Mis, Ord | S, L 3,115] 3,760 ; 
Cz 45 | Misener Mis 8 3,750) 3,756, 6 Viola 3,776 
= 50 38 _| Various Pen, Ord 
51 43 | Wiloor iss Le Ord, Be eo. a 
43 urgess Sd-Miss en-Mis D ’ 5 
i 42 Wileox Ord Ss 3,584| 3,586] 2 Wilcox 3,585 
54 43 Various Pen, Mis, Sil- 
- Dev, Ord 
é ‘i 065| 4,076| 11 


55 38 1st and 2nd Wilcox Or' { ret 4103) 3 
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TABLE 1.—(Continued) 


OIL AND GAS DEVELOPMENT IN OKLAHOMA IN 10943 


Sat ae 
Area : uction 
Proved,|Total Oil Productiou, Bbl. | Number of Oil and/or Gas Wells | Methods, 
Acres? End of 
1943 
Year of rin, Number 
Field, County Discov- pas End of 1943 of Wells 
9 
ery 
p To End During Oren 
3 Oil | of 1943 1943, | SSIS pees) Seis 
g £2) 3 | el ZSleq as seats 
EI 2s] 2 l8is2i-s 1s.| 21-8 
6 ae| € |B/e8| ge [33] 5| ge 
& 83) 8 (e623) Go |fPla) 24 
56) New Cushing, Payne........... 1916 185 z Abandoned 
57| Norfolk, Payne...... an 1916 785 Zz 32,120 20 a 
58| West, Payne.. pileeet929 390 z 60,225 22 2 
59| Orlando, Payne...............- 1929 210 1,027,633 25,242 1 1 
60 Bast, Payne..2-..2..00200 1941 80 191,121 49,131 3 3 
61) Ramsey, Payne. .....- omen 2. 1938-40 630 8,174,667 1,585,863 42 41 41 
62| Ripley, Payne..........2...2.5 1923 375 z 14,600 5 5 
63 North, Payne... 03. 22 .- 1923 165 2,255,391 20,449 1 2 2 
64| Stillwater, Payne..... > See 1935 130 35,714 7,843 3 3 
65 West, Payne.............. 1940 150 184,856 29,495 2 2 
66| Yale-Quay, Payne.............. 1914 4,095| 23,258,552 584,365 1 160 160 
67| Miscellaneous, Payne........... 160 x 4,508 3 3 
68 Aggregate for district of 
pools marked z......... 5,829,999 
69 Total Central Oklahoma... . 48,213| 186,160,164) 7,794,878 1,806 
East CENTRAL OKLAHOMA 
70| Hoffman, McIntosh............ 1917 300 zr 1,460 2 2 
71| Miscellaneous, McIntosh........ 10 85 43 1 1 
72| Beland, Muskogee.............. 1906 390 z 1,825 10 10 
73| Boyle, Muskogee............... 1927 230 z 9,490 15 15 
74| Boynton, Muskogee 1914 2,740 z 14,600 20 20 
75| Butler, Muskogee. . ae 1918 1,500 z 21,900 60 60 
76] Cole, Muskogee................ 1914 780 z 5,840 17 17 
77| Council Hill, Muskogee......... 1919 335 z 24,030 30 30 
78| Haskell, Muskogee............. 1909 1,750 z 25,915 77 77 
79| Jolly-Patton, Muskogee......... 1920 260 z Abandoned 19 19 
80| Link, Muskogee................ 1909 715 z 44,895 32 32 
81} Muskogee, Muskogee........... 1904 3,760 x 48,910 110 110 
82 North, Muskogee.......... 1906 290 z Abandoned 22 22 
83] Oktaha, Muskogee............. 1943 40 None None it} a J 1 1 
84) Robinson, Muskogee............ 1915 280 z Abandon: 2 2 
85] Sheppard, Muskogee........... 1917 140 = 2,190 | 1 1 
86] Sommerville, Muskogee......... 1926 z Abandoned 
87| Transcontinental, Muskogee. .... 1918 215 z 2,190 7 7 
88] Yahola, Muskogee............. 1914 680 z 5,110 18 18 
89| Miscellaneous, Muskogee........ 820 z 8,395 10 10 
90) Baltimore, North, Okfuskee..... 1922 525 x 4,015 5 5 
91] Bearden, Okfuskee............. 1924 z Abandoned 
92) Beidleman, Okfuskee........... 1930 100 276,991 5,363 6 6 
93] Blakley, Okfuskee.............. 1924 110 860,412 7,450 3 3 
94) Cary, Okfuskee.............--. 1923 485 1,153,509 24,272 10 10 
95] Clearview, Okfuskee............ 1927 240 z 17,155 10 10 
96 Northwest, Okfuskee....... 1942 40 1,470 323 1 1 
97] Cowan, Okfuskee............... 1940 80 33,552 7,862 2 2 
98) Deaner, Okfuskee.............. 1920 1,460 z 77,745 78 78 
99] Fields, Okfuskee............... 1918 460 a 10,220 10 10 
100} Gregory, Okfuskee............. 1922 390 z 18,250 15 15 
101) Gypsy Hill, Okfuskee........... 1910 1,603 z 14,965 15 15 
102} Haydenville, Okfuskee.......... 1939 240 112,709 19,756 4 4 
103| Josey, Okfuskee................ 1923 525 % 52,195 18 18 
104) Keaton, Okfuskee........ 1919 210 z Abandoned 
105) Lyons-Quinn, Okfuskee 1921 1,645 zr 43,800 | 24 24 
106] Mason, Okfuskee............... 1940 10 8,515 Abandoned 
107| Micawber, Okfuskee............ 1923 160 z 4,745 1 1 
108} Midwest, Okfuskee............. 1942 80 76,282 49,853 4 4 
109} Morgan, Okfuskee.............. 1923 340 z 2,555 1 1 
110} Okemah, Okfuskee............. 1921 1,050 ¥ 79,935 50 50 
111 East, Okfuskee............. 1940 160 365,301 71,516 7 A 
112 North, Okfuskee........... 1941-42 160 181,463 83,207 ll ll 
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TABLE 1.—(Continued) 
Character 
c Pr * . Deepest Zone Tested 
of oducing Formation to ind of 1943 
a 
a4 Depth, 
Z : Avg. Ft. 
& Gravity 
“hie eee at . ‘ 
eRcs ame A f 2 
q £ Weighted ge 7 =| g Pe Name - 
ve | 8 Average = 2 : a= Bi 3 on 
* a S 3 a8 23 = = 2 ee 
S| & |e] eS |gXle<| s an 
56 38 Various Pen, Ord 
ay 38 Bartlesville, Wilcox Pen, Ord § 
58 38 Bartlesville, Wilcox Pen, Ord $s 
59 41 Misener Mis NS) 
60 42 Misener Mis s 4,720|4,747| 27 
61 43 1st Wilcox Ord N) 4,768] 4,795| 27 
62 43 Various Pen, Ord §,L 
a] | 8 lee a | ANE iad usdl 3p 
cox 4,300} 4,3! 
65 40 | Hunton Sil - mY ie 
66 38 Oswego, Bartlesville, Wilcox | Pen, Ord §,L 2,670) 3,580 
oY 39 ist and 2nd Wilcox Ord 
69 
East CenrraL OKLAHOMA 
ee 35 Wilcox Ord $ 
72 35 1st and 2nd Dutcher Pen s 
73 38 Dutcher Pen s 
74 35 Mississippian Mis L 
75 32 Uniden' sand 
76 35 Unidentified sand 
77 38 Various Pen 
78 . 34 Tucker Pen 
79 33 Muskogee, Timber-Ridge 
80 36 Booch, Dutcher Pen 
81 38 Unidentified sand, Wilcox Ord N) 1,052) 1,790 
82 35 Wilcox Ord iS) ee 
83 42 Wainright 8 1,778) 1,785 7 Wainright 1,785 
84 39 Muskogee : 
= 39 Unidentified sand 
87 39 Booch Pen iS) 
88 39 Booch, Boynton Pen 
89 38 | Leidecher, Dutcher, Wileox | Pen, Ord 
90 38 Dutcher, Ist and 2nd Wilcox | Pen, Ord 
91 
92 38 Wilcox Ord § 
93 39 Unidentified sand 
94 32 Various Pen 
95 38 Wilcox Ord s 
96 39 Gilcrease Pen 8 2,915 10 
97 42 Hun’ Sil-Dev 
98 38 Deaner, Lyons, Wilcox Pen, Ord Ss 2,800) 3,650 
99 43 Deaner, Wilcox Pen, Ord iS] 
100 39 Various . Pen, Ord 
101 33 Jomestow™s Dutcher, Wilcox | Pen, pa 5 2,430) 3,290 
103 40 Vee rd s 3,600] 3,650| 50} D_ | Wilcox 3,700 
104 39 Dutcher, Quin Pen 
105 39 ons . Pen 
106 39 unton wat age! 
107 36 Wheeler, Dutcher en 
108 36 Hunton Sil Dev L 3,692 4 
109 37 Dutcher Pen 
110 30 Gilerease, Cromwell Pen 
111 37 Lower Cromwell en 
112 35 Gilcrease, Hunton Pen, Sil-Dev 
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rh a 
SESe | Line Number 


117 


ete 
Area : luction 
Proved,|Total Oil Production, Bbl. | Number of Oil and/or Gas Wells | Methods, 
Acres? End of 
1943 
Year of During Number 
Field, County Discoy- 1943 End of 1943 of Wells 
ery 
4 To End During Sco 
Oil of 1943 143 | 5S| oo beleEl de 
on Zz 3 5 Sis g = 
es 2 iS} 5A “3 ‘3S mm 3 
Bz| = |E|23| 23 [22/2| Ss 
88| 8 Bea £° |£5/ 2) Ss 
Okemah, West, Okfuskee....... 1941 60 47,438 3,129 2 
Okfuskee, Okfuskee............. 1938 100 135,062 9,115 5 
Paden, Okfuskeé..:..-.-.-+---- 1914 80 & 4,380 3 
Sheldon, Okfuskee.............. 1916 900 z 28,835 15 1 
Weleetka, Okfuskee............ 1913 1,815 z 167,535 4 73 7 
South, Okfuskee........... 1937 90 61,227 2,059 3 3 
West, Okfuskee............ 1926 250 942,524 75,312 15 15 
Miscellaneous, Okfuskee. ee 340 x 17,955 6 6 
Aztec, Okmulgee..............- 1917 2,140 z 49,275 49 49 
Bald Hill, Okmulgee............ 1908 25,095 x 317,915 748 748 
Beets-Rapp, Okmulgee.......... 1920 x Abandoned 
Beggs, North, Okmulgee........ 1909 1,840 z 13,505 19 19 
Beggs, South, Okmulgee........ 1911 4,455 x 64,605 45 45 
Brinton, Okmulgee............. 1914 545 x 13,140 15 15 
Coalton, Okmulgee............. 1907 2,040 im 20,805 1 57 57 
Edna, East, Okmulgee.......... 1919 150 z 2,920 2 2 
Eram, Okmulgee............... 1921 600 z 3,285 14 14 
Gypsy Hill, Northwest, Okmulgee 1938 100 66,361 5,696 4 4 
Hamilton Switch, Okmulgee... . 1909 2,570 = 25,550 71 71 
Hector, Okmulgee.............. 1914 645 x 1,460 7 z 
Henryetta, Okmulgee........... 1910 785 x 8,760 33 33 
Montezuma, Okmulgee......... 1918 220 z 5,110 4 4 
Morris, Okmulgee.............. 1907 7,300 z 104,025 209 209 
Natura District, Okmulgee... ... 1914 1,750 = 12,045 18 18 
Nuyaka, South, Okmulgee....... 1937 105 518,678 15,453 6 6 
Southwest, Okmulgee....... 1941 40 25,687 5,376 2 2 
Oklahoma Central, Okmulgee... 1921 545 x 10,220 8 8 
Okmulgee, Okmulgee........... 1906 5,020 x 56,575 135 135 
Phillipsville, Okmulgee.......... 1920 580 = 5,475 7 7 
Pines Okmulgee: 2-0. oe ren 1915 815 x 6,205 26 26 
Pollyanna, Okmulgee........... 1921 3,975 z 100,375 2 193 193 
Schulter, Okmulgee............. 1907 455 z 4,015 9 9 
Simmons-Black, Okmulgee. ..... 1920 455 x 24,455 12 12 
Spencer, Okmulgee............. 1917 790 c 18,980 31 31 
- 
Summers, Okmulgee............ 1914 290 F 3,285 15 15 
Tiger Flats, Okmulge 1928 1,045 z Abandoned 
Youngstown, Okmulgee... ee 1915 2,235 = 21,900 43 43 
Miscellaneous, Okmulgee........ 465 & 6,205 : 7 7 
Airporty Tusa sess dees 1937 330 143,456 1,500 13 13 
Alsama, Tulsa. pcs oa scene one 1916 850 E 3,285 5 5 
Bird Creek, Tulsa. ............ 1906 17,910 z 341,640 1,486 1,486 
Bixby; Dulsace- ao. snes ose 1916 1,860 £ 27,740 69 69 
Broken Arrow, Tulsa 1901 3,665 x 21,535 55 55 
Bruner Vern, Tulsa,........... 1923 1,055 z 38,690 50 50 
Collinsville, Tulsa. ............ 1916 120 z 3,650 10 10 
Dawsons Lulsdice ccs suse sec 1906 765 z 10,220 40 40 
Risher, Quleas.ncetes oacutecnn LZ 1918 685 x 4,380 i 7 
Verks, Pulstsfecs nae tick ashes 1901 6,885 & 75,555 298 298 
Leonard wlyliw.o. oes csucc ewes 1916 1,000 z 17,155 32 32 
Owarsa; Pulsed. ccec echt enon 1913 360 z 5,475 13 13 
Perryman, Tulsa.............. 1924 345 x 1,460 10. 10 
Sustain cece x 215535 76 
Pers eae ae rs 18,980 40 
SAIAy cient ree eas z Abandoned—1943 
ivcarersiers x 
Tan atinaleatemente z 
SounGa Ant anne x 
WE AGaaeeee Merntacee z 
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TABLE 1.—(Continued) 


Character . : Dee 
C pest Zone Tested 
of Producing Formation to End of 1943 
_ & Depth, 
; S G Avg. Ft. 
ravity 
y _\|é APL at : te 
&o F., Name Age 2|S Nam 
= | -2 | Weighted : 5 : alg | . e 
| g | Averaee S| _/ 8 | a= ee] 2 3z 
4 Sie ae s ‘ge | Be i oyu & 22 
es | 3 2 as | Sele! - as 
ale Be ee eaat ec ee am 
mer 113 Dist. Hunton Sil-Dev 3,916 3,960) 44 
me 114 39 Dutcher, Wilcox Pen, Ord 
me 115 36 Prue Pen $ 
: 116 + 42 Wilcox Ord 
117 39 —_| Gilcrease Pen S 2,530| 2,660) 130 
, 118 39 L. Gilcrease Pen 8 
i 119 41 Booch Pen 8 
- 120 36 Various Pen, Ord 
my i2t 38 Booch, Wilcox Pen, Ord 8 
; 4 = 30 Glenn en S 750) 2,250 
im 124 38 Youngstown, Wilcox Pen, Ord 
roa (125 37 Various Pen, Mis, Ord 
126 37 Wilcox S$ 
me 127 30 Booch, Wilcox Pen, Ord $ 1,300) 2,835 
Zor 6128 30 Unidentified sand 
y ©6129 40- Wilcox Ord s 
bg 130 43 Wilcox Ord 8 3,250 10 
131 29 Glenn, Dutcher, Wilcox Pen, Ord 8 1,385) 2,700 
132 37 Various Pen, Mis, Ord | 8, L 
me «133 38 Various Pen, Sil-Dev,| 8,L 
" Ord, Cam 
: 134 38 Unidentified sand 2 
a 135 36 Various Pen, Mis, Ord | 8, L 1,600) 2,450 
m 136 30 Various Pen, Mis, Ord 
a 137 42 Wilcox Ord S) 
i 138 38 Misener Mis 3,168 3,176) 8 
im 139 32 __| Wilcox Ord s 
140 30 Various Pen, Mis, Ord s 1,240) 2,750 
— 141 45 Wilcox Ord 8 
= 142 35 Booch, Dutcher Pen 8 
yr 143 34 _| Various Pen, Ord, Cam | S, L 1,365] 2,285 
144 36 Deaner, Glenn, Wilcox Pen, Ord 
145 36 Salt, Booch Pea 
146 33 Various Pen, Mis, Ord, 
A : Cam 
147 38 | Dutcher Pen $ 
om 148 37 Various Pen, Ord 
149 31 ‘| Youngstown Pen s 
hy. -150 40 Booch, Dutcher, Wilcox Pen, Ord $ 
e 151 38 Bartlesville Pen 2 
ee 152 35 ur; en 
«153 31 | Bartlesville, Wilcox Pen, Ord $8 1,110} 1,345 
= 154 32 Various Pen, Ord 5, L 
4 155 37 Various Pen, Mis, Ord, | S, L 1,350) 1,500 
) Pen Ord C 
m 156 3 Various en, , Cam 
f 157 3 Various Pen, Mis §,L 
= 158 36 Bartlesville, Tucker Pen s 
my - 159 34 Oswego, Tyner, Arbuckle Pen, Ord, Cam 
= ©-160 36 Various ooo Mis §,L 
y 161 35 | Various Pen, Mis, Ord, | 8, L 
Cam 
162 30 Mate - Pen, Ord, Cam 
nidentified san 
z 164 aA Various Pen, Ord, Cam 599} 2,160 
165 37 Various Pen, Ord, Cam 
‘. 166 34 i a ae a 
a 167 35 arious en, , 
esville, Burgess, Siliceous | Pen, Ord, Cam | §, L 1,260) 1,945 
169 py Lictelcaee gag Pen, Mis, Ord | 8,1 1/480) 1,950 
170 35 Dutcher, Burgess Pen 
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TABLE 1.—(Continued) 


Oil-pro- 
duction 
Area |Total Oil Production, Bbl. | Number of Oil and/or Gas Wells | Methods, 
Proved, End of 
Acres? 1943 
Year of Durin Number 
Field, County Discov 1943" End of 1943 | oF Wells 
ery 
= : To End During eles 
s Oil | of 1943 1943 | 23/7 Vole Bl ae 
| Ee elie Secs S = 
5 23) 3 Soo) srs. bates 
a Bncy & |e)as] 5. Byle| eo 
2 Ba| & |s\fa| 85 |25|2| =3 
5 OF] & Islets? iG@iraed 
171| Corine, Wagoner............... 1919 190 z 2,190 7 7 
172| Coweta, Wagoner.............. 1914 720 x 6,935 23 23 
173| George, Wagoner.............. 1918 270 x 8,395 32 32 
174] Gillette, Wagoner.............. 1924 65 z 1,095 8 8 
175| Goble, Wagoner............-.- 1916 325 z 6,205 17 17 
176| Johnson-Bailey, Wagoner....... 1920 80 x Abandoned 
177| McCracken, Wagoner.......... 1920 90 x 730 | 12 12 
178} Oak Grove, Wagoner........... 1920 145 z Abandoned—1943 
179 ORK Wagoner nape nee 1919 80 z Abandoned 
180) Oneta, Wagoner.............-- 1916 695 x 23,725 57 57 
181) Seltzer, Wagoner............... 1924 65 x 1,825 11 ll 
182] Stone Bluff, Wagoner........... 1915 1,065 z 116,435 157 157 
183] Striker, Wagoner............... 1917 z Abandoned 
184} Wagoner, Wagoner............. 1914 460 x 43 43 43 
185 South, Wagoner........... 1939 80 9,727 701 4 4 
186} Webster, Wagoner............. 1917 60 z 1,460 11 11 
187) Wright, Wagoner.............. 80 z 242 1 1 
188} Miscellaneous, Wagoner........ 170 z 3,283 7 sf 
189 Aggregate for district of 
pools marked z.......... 310,404,666 
190 Total East Central........ 149,678} 315,425,115} 2,961,589 5,719 
East CENTRAL 
(Creek County) 
TG dr Armoses.cnceniciank cutee eee oe 1923 210 z 39,420 14 14 
192 Wiestinesn oat tenon e: 1940 227 136,862 31,162 6 6 
193] Bellview, South................ 1941 50 82,911 33,016 6 6 
194) Big Pondes uci. pecans 1924 470 - 120,815 32 32 
195) Bowden: \bir.5\<.<.jolenane e ceca 1906 3,495 z 117,165 211 211 
L9G |(Bristow-naskcoeee cee oeeee 1916 5,255 z 278,860 127 127 
197 Nonthaes atiens a eet 1922 1,700 z 104,025 94 94 
198 Wests hic Ae cs tncanea 1922 565 z 18,615 10 10 
109) Bruces: seurhtuie a esctrece eae 1926 515 z 33,215 39 39 
200| Bruce, Bast.................. 1939 100 £ 6,205 8 8 
201) Gushinigs.. <td... tee eee 1912 24,940) 365,416,701 2,988,985) 3,696 1,716 1,716 
202) DespHorke 95. «cans oats ek 1920 3,345 z 124,100 5 120 120 
208) Depew tei Secures waiadaede 1915 1,365 Es 341,275 71 71 
204 Donnelly yarns oe toe 1924 730 z 79,205 33 33 
O05) BONG. wats wen ears arene teed 1940 90 100,499 17,612 5 5 
206 Glenn POOL Aes entree ae ete 1905 15,970} 223,814,229 1,739,225 35 1,776 1,776 
20%) Hickory Grove... .2..0:0.545 0. 1942 220 68,542 29,609 3 14 “14 
208] Independent.................. 1908 1,320 z 37,960 30 30 
ZOO Fron Post, se. cau suena en 1917 925 z 24,820 55 55 
210) Kellyyillesece<. 2. .c8.c cr bale 1934 3,600 z 133,590 177 177 
211) Mannford (deep and shallow). ..| 1922-37 4,650 z 235,790 220 220 
212 Mercer i Sse ota etc Sv ars Se 1923 80 302,824 9,053 4 4 
Bal Nilfev con hasue oc tene weno 1941 640 78,122 32,680 2 2 
ZUG MOUN ES CR navies sccm te Oe 1915 1,580 x 23,725 33 33 
DUB" NOWDY-aretete secon. eee 1929 80 z 4,015 4 4 
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TABLE 1.—(Continued) 


Character 
a Producing Formati Deepest Zone Tested 
of & tion to End of 1943 
” i=] 
Ss Depth, 
Fo : Avg. Ft. 
f & | Gravity 
- = oo at , ¢ 
t ale Name ; 2 
= | = | Weighted on e roe ica tae aes et 
5 | & | Average S| >| |g# [ze] 8 (se 
i 2 3 z Ae | Bd FS Apes} a 
# e ~ 3 = as 23 2 > 3 4S 
fe S | a] a’ [a iA*| a am 
: 171 39 Unidentified sand 
e172 38 —_| Various Pen, Mis, Ord, | 8, L 700 | 1,280 
‘am 
173. 36 Dutcher Pen 8 
174 38 Tyner Ord 
175 37 Dutcher Pen S 
oy 176 33 Unidentified sand 
177 43 er 
178 33 Pitkin, Burgen Pen, Ord 
utcher, Mississippi, Tyner | Pen, Mis, Ord | 8, L 1,000} 1,200 
° 181 37 Dutcher Pen N) 
zs 182 36 Various = Mis, Ord, 1,840) 2,275 
a ean 
; 183 Dutcher, Morrow-Pitkin Pen, Mis 
j 184 35 Peru, Ordivician Pen, Ord 
185 36 Pennsylvanian 
186 33 Burgen Ord 
e 187 39 | Pitkin Pen L 
; 188 32 Unidentified sand and lime 
189 
190 
, 
East CENTRAL 
rt (Creek County) 
191 36 Simpson Ord 
192 40 Prue, Red Fork, Bartlesville, | Pen, Ord 
Wilcox 
193 36 Red Fork Sd Pen s 2,756 10 
194 32 Jones, Glenn, Dutcher, Wilcox) Pen, Ord 8 
195 32 Taneba Pen 
196 35 Layton, Ft. Scott, Oswego, | Pen, Mis, Ord | 8, L 2,700) 3,200 
. | Red Fork, Bartlesville, 
Dutcher, Miss., Wilcox 
197 35 Layton, Ft. Scott, Oswego, | Pen, Mis, Ord | 8, L 
Red Fork, Bartlesville, 
- Dutcher, Miss., Wilcox ‘ 
198 35 | Dutcher Pen 3,152) 3,155 
199 35 Layton, Ft. Scott, Oswego, | Pen, Mis, Ord 
Red Fork, Bartlesville, 
Dutcher, Miss., Wilcox 
200 37 Layton Pen 
201 39 Various Pen, Ord 8, L | Por z| AF 
202 42 Layton, Peru, Prue, Dutcher | Pen 
203 32 Glenn, Dutcher, Wilcox Pen, Ord s 2,700| 3,397 
204 37 Dutcher, 1st Wilcox Pen, 
205 35 Wilcox 
206 | RP 34 Various Pen, Ord 
207 48 Bartlesville Pen ; § 3,119 il 
208 35 Taneha, Wilcox Pen, Ord 8 2,100) 2,550 
209 36 Wheeler, Prue, Cleveland Pen s 2,420) 2,475 
210 30 Peru Pen 8 
211 34 Various Pen, Ord 8,L 1,550) 2,980 
212 41 Dutcher, Wilcox Pen, Ord 8 
213 35 1st & 2nd Wilcox § 3,970 5 
214 33 Red Fork, Glenn, Tucker, | Pen, Ord 8 400) 2,400 
Dutcher, Wilcox 
215 34 Dutcher Pen S$ 
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TABLE 1.—(Continued) 
Out Dis 
Neen ; uction 
Proved,|Total Oil Production, Bbl. | Number of Oil and/or Gas Wells Methoes 
Acres? 1943 
Year of During Number 
Field, County Discov- 1943 | Endof 1043 | oF Wells 
ery 
: To End During | on 
z Oil | of 1943 1943 | SS] we PEE] wo | od 
g S5| S |S/€a;-2 (2 |wls 
a HE| # EES| dz [23/8 | ge 
3 = Sm 
A S8| & Sea] £% £/2| Ss 
Q2UGt Olean ste csteyeloaioe vieic avers v encreeiel 1921 340 x 25,915 18 18 
AL AMON Cc rc eetorelateiesay-tere te rela canta tere 1914 2,235 z 110,230 179 179 
218 Southise con osees neelteiaiee 1940 20 2,338 155 1 Be 
219} Pickett-Prairie................ 1916 1,820 z 8,395 1 56 
220| Poor Farm..... 1920 340 z 13,870 13 13 
F 1918 370 z 21,535 8 8 
1909 1,790 s 58,400 106 106 
1910 2,570 an 79,205 70 70 
1913 6,585 F 429,605 1 170 170 
1940 460 793,804 94,170 34 34 
1943 240 140,760 140,760 ik). i = 11 HE 
1924 430 x 19,345 36 36 
1940 110 84,650 22,572 4 4 
1924 310 x 4,380 8 8 
1925 540 1,222,060 112,193 Efi 31 
1923 390 =z 61,320 29 29 
1939 80 121,987 11,562 7 7 
1919 1,375 z 156,220 53 53 
280 = 20,805 11 11 
235 Aggregate for district of 
pools marked z.......... 198,595,660 
236 Total East Central (Creek 
County) eee enero 92,407} 790,961,949 7,994,779 5,652 
NorTHEASTERN OKLAHOMA 
237) Craig, Nowata, Rogers, and 
Washington Counties........ 104,670} 364,642,282) 4,878,590 14,907 14,907 
NorrHern OKLAHOMA 
238) Barnes, Garfield...........5... 1918 185 x 12,045 10 10 
239] Brown, Garfield................ 1930 85 452,017 12,691 4 4 
240) Enid, Garfield................. 1940 240 77,337 21,157 | 3 3 
241 Garber, Garfield............... 1916 4,520} 56,359,090 601,193) 987 526 526 
242 orth, Garfield............ 1927 90 = 14,965 6 6 
243] Hillsdale, Garfield.............. 1938 160 103,726 7,321 1 1 
244) Waukomis, Garfield............ 1938 1,040 35,044 Abandoned 
245| Miscellaneous, Garfield......... 1926 40 67,347 2,628 | | 1 1 
246) Caldwell, Grant................ 1929 80 269,325 Abandoned—1943 
247| Deer Creek, Grant............. 1922 210 1,365,157 33,580 | 10 10 
248] Lamont, Grant. ............... 1937 60 88,843 7,148; Abandoned—1943 
249! Webbs: Grant. #." es was. cee 1926 120 236,527 13,304 7 7 
250| Blackwell, Kay................ 1918 1,750 5,429,356 131,506 40 40 
251} Braman, Kay......... 1924 335 4,772,933 §2,925 154 23 23 
252 North, Kay..... 1924 795 18,634,537 186,515 45 45 
253] Southeast, Kay. 1938 440 460,179 57,037 4 4 
254| Dilworth, Kay... . 1917 2,355 5,801,239 248,930 ris 77 
255 Hubbard, Kay.. 1924 645 8,656,053 134,685 33 33 
256) Mervine, Kay............. 1913 960 x 12,045 2 2 
257| Newkirk, Kay..............006 1919 250 x 22,995 6 6 
258) Ponca City, Kay.............. 1917 1,445 6,575,394 77,015 40 40 
259) Thomas, Kay. ..... s.<coccdee. Prior to 
‘ 1914 275 7,338,209 71,408 13 13 
260) Tonkawa, Kay................ 1921 3,695] 122,466,224 504,201) 931 148 148 
261 Routh, Kayiic..scce cee, 1921 x Abandoned 
262|sVernonn Kayie co tcenmmemeee: 1925 660 3,610,713 148,190 7 26 26 ° 
263} Miscellaneous, Kay............ 290 z 9,070 5 5 
Sind echiete Suna He 1933 1,920 14,965,220 760,955 80 50 50 
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Producing Formation Deepest Zone Tested 
to End of 1943 
§ 
: ss 
vg. It. 
a 
oO cS 
E Name Age 2 i Name 
$s ea Pas ae 22) 8 of 
S 2 t= tae hh =) Chat 
a £ || oe |SzGe = a3 
ol 8 |é |e |B8(3<| s an 
Layton, Peru, Wheeler, Skin- | Pen 8 
ner, Bartlesville 
Various Pen NI 
Prue Pen 
Glenn, Taneha, Wilcox Pen, Ord 
arious en 
—— Pen, Ord 
/arious Pen, Mis, Ord | S, L 1, 
ES ra Dutcher, Wilcox Pen, ra = a he 
‘arious Pen, Mi d i 
ee Roe 2,340| 3,088 Wilcox 3,140 
Prue Pen $ 2,854) 2,934] 80 Prue 2,934 
Various 
Wilcox Ord 
Various Pen, Ord 
Various Pen, Mis, Ord 
Various Pen, Mis, Ord | 8, L 
Bartlesville Pen 8 
Various Pen, Ord 
Prue, Bartlesville, Wilcox Pen, Ord 8 
NORTHEASTERN OKLAHOMA 
Z | | | | | 
NorTHERN OKLAHOMA 
39 Tonkawa, Layton Pen 
39 Wilcox, _ Ord 8 
40 Mississippian Mis 
41 Various Per, Pen, Ord | S,L | Por 1,100) 4,200] =z z z 
44 Various en, 
39 1st and 2nd Wilcox d s x x z x 
53 M Zone iS) & 7,260| 7,280| 20 zt £ 
43 Wilcox Ord S | Por z z| 6) A ja x 
40 
38 Various Pen, Mis, Ord | S, L 2,900/ 4,175] =z 
40 Wilcox ; 5 z | 5,400) 5,410} 10 z z 
42 Various Pen, Mis, Ord 
40 Various Pen, Ord §,L 1,600) 3,440 
40 Various Pen, Ord §,L 
41 Various Pen, Ord §,L 
40 Arbuckle, Wilcox -Ord, Ord z Z z| 2 £ ie 
40 Blackwell, Wilcox Pen, Ord z| A 
37 Various Pen, Ord Por x a| 2| AF |a x 
Sak een Pon, Mis 
40 ur ississippian ‘en, 
38 Various Pen, Mis, Ord | 8, L 1,500) 3,900 A 
41 Various Per, Pen, Ord | 8,L | Por : &| oo 
42 Various Pen, Mis, Ord | 8,L | Por} 2,660) 4,075) 2) 2 
Endicott, Tonkawa, Wilcox | Pen, Ord 
40 Various Pen, Mis, Ord | 8, L Cie 
39° Various 
41 Layton, Wilcox, 2nd Wilcox | Pen, Ord 8 23 AF 
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OIL AND GAS DEVELOPMENT IN OKLAHOMA IN 1943 


1 Flowing and artificial lift, the exact number by each method being unknown. 


Oil-pro- 
Area duction 
Proved,|Total Oil Production, Bbl. | Number of Oil and/or Gas Wells | Methods, 
Acres? End of 
1943 
Year of Durin; Number 
Field, County Discoy- 1943" End of 1943 of Wells 
ery 
: To End During ons 
8 Oil | of 1943 1943 SS] ow lee Dla 
g SE a San ete saw a 3 
2 os| 8 |S/BAl-s S es 
v4 Bog a = asl S65 3 ble a= ~~ 
2 Ba| 8 \2|84| Bs (Esl s| =5 
3 OF | Oo (ieee Seed 
265) Crescent South, Logan......... 1942 40 25,694 17,108 2 2 
266) Guthrie, Logan................ 1941 620 2,567,478 638,153 31 31 
267 South, Logan .s isi. 4.560 02: 1943 80 1,848 1,848 1 1 
268 Townsite, Logan.......... 1942 400 125,035 81,670 1 2 2 
269} Hull, Dogan..........25 ss ateiete 1934 80 242,223 4,745 2 2 
270| Langston, Logan............... 1934 340 1,817,141 137,721 14 14 
271 South, Logan. . 1935 90 52,267 2,342 1 1 
272) Lovell, Logan. . 1928 220 2,731,362 29,565 6 8 8 
273 South, Logan... Be siee 1934 200 567,073 144,165 8 8 
274 West, "Logan Sete ory. te 1936 95,176 Abandoned 
275] Marshall, "Logan vi re ON ai SS 1927 740} 11,878,870 52,560 21 21 
276 Meridian, LOGE sc easter 1938 240 177,483 8,011 3 3 
277| Navina, Logan..........:....- 1941 20 475 None 1 i 
278 West, Lagden cee: So oes 1942 320 236,523 89,106 8 8 
279| Seward, Logan ERT SILT De be 1936 40 91,807 8,669 1 i 
280} Billings: Deep, Noble. . ea 1935 750| 15,022,838] 1,689,711 79 73 73 
281 Shallow, Noble......... pe; 1917 590 6,218,495 8,966 7 7 
282) Liberty, Noble. . rect tee ot) 1942 120 230,660 112,416 3 3 
283 East, Noble ae Meee 1942 40 162,939 113,878 i 
284)Lucien, Noble. ...+....:..2..++ 1932 4,170) 31,151, 362 1,250,855} 130 1 120 120 
285 North; Nobles nemecer lace 1936 530 1,272,509 144,679 ll 11 
286 Northeast, Noble.......... 1942 160 303,369 181,528 5 5 
287] Marathon, Noble.............. 1935 80 138,341 Abandoned 
288} Morrison “A,” Noble........... 1942 40 950 950 1 1 
289] Otoe City, Noble.........2.... 1930 240 354,306 134,669 4 8 8 
290 RastsiNoble-s an ates ances 1943 200 28,503 28,503 4 4 
291 Southeast, Noble........... 1943 10 724 724 1 1 1 1 
292) Perry, Noble. s...22.5 ics. ke 1923 60 88,118 4,278 1 1 
1943 80 10,160 10,160 1 1 1 1 
1934 510 4,497,288 186,901 25 25 
1925 295 z 14,235 1 6 6 
1943 80 34,281 34,281 2| ~2 2 a} 
ls ked 5,702,729 
298 Total Northern Oklahoma. . 34,030) 344,292,997! 8,275,906 1,452 
OxiaHoma Crry AREA 
299] Moore, Cleveland.............. 19385 940 8,915,698 259,515} 40 20 20 
300 West, Cleveland............ 1943 880 9,612 9,612 6H ie | 1 1 
301) Noble, Cleveland............... 1938 30 74,489 Abandoned—1943 
302| Norman, Cleveland............. 1939 60 13,863 1,596 1 1 
303] Stella, Cleveland............... 1943 40 21,848 21,848 1 
304| Britton, Oklahoma............. 1935 1,245 2,616,159 89,951 19 19 
305 South, Oklahoma.......... 1938 195 198,035 27,800 3 favs 
306} Edmond, Oklahoma............ 1930 1,000} 20,019,487 940,654) 104 ue 77 
307 Northeast, Oklahoma. ..... 1941 640 4,256 212,014 10 21 21 
308 West, Oklahoma....... .. 1943 6,400 474,344 474,344 15} 15 15 1 
309| Jones, Oklahoma 1989 250 182,619 48,867 4 4 
310} Luther, South, Oklahoma 1943 40 453 453 1 1 1 
311] Newalla, Oklahoma 1934 3,247 Abandoned 
31la South, Oklahoma 1939 80 24,137 Abandoned 
312| Nicoma Park, Oklahoma. . : 1929 80 359,348 5,963 2 4 
313] Oklahoma City, Oklahoma. ..... 1928 15,500) 602,676,417] 20, 224, 228} 1,56 6 839 839 
314) Miscellaneous, Oklahoma. ..... . 80 27,660 164 2 2 
315 Total Oklahoma City Area. . 27,460) 635,941,672 22,33 008 1,006 
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TABLE 1.—(Continued) 
Character 
. Produci - Deepest Zone Tested 
of Oil ucing Formation te End of 1943 
| 
g Depth, 
< Avg. Ft 
Gravity 
mS é ra at . Whigs 
i pe ame A f a|o 
4 — | Weighted = Z ; z\5 | ons h. 
eet Sla\e. |slee! 2 Es 
2|& £) 2 | eg (Sels8i = cc 
a |e 6 | a] es |s*le<| & an 
265 43 Layton Pen 8 5,237 26 
266 46 _| Bartlesville, 2nd Wilcox Pen, Ord { “deel 
267 Skinner Pen 8 5,683] 5, i 
268 43 Dolomite, Wiloox Ord 5 F604 5,697 ie Skinner 5,697 
269 40 Layton, Tonkawa, Wilcox Pen, Ord 8 Por 4,800 
270 39 Wilcox Ord S | Por| 5,100] 51145 A | Wilcox 5,190 
271 40 Upper Simpson Ord ; : 
272 40 Tonkawa, Wilcox Pen, Ord 8 z z z 
273 49 Layton Pen 
274 40 2nd Wilcox Ord 8 Por ce a 
275 | 41 Tonkawa, Wilcox, L Simpson | Pen, Ord § z x z| 2 
276 48 Wilcox Ord i} z| 5,200) 5,220) 20 
277 37 1st Wilcox Ord 6,220) 6,250 
278 42 Layton Pen s 5,010 33 
279 38 Simpson dolomite Ord D 
280 41 Wilcox Ord 8 Por 4,250 z| z| A 
281 41 Various Pen 8, L | Por 50| A 
282 43 Tonkawa, Wilcox Pen-Ord 8 2,374 10 
~ 283 45 Wilcox iS) 4,508 20 
284 42 Various Pen, Ord §,L | Por z|\5,200) z| =z 
285 41 Wilcox Ord 5 Por <) ae x 
286 40 2nd Wilcox Ord iS] 5,389 10 
287 42 Wilcox Ord 8 Port see z| 34, A 
288 Miss Ls _ Mis L 4,050 10 
289 39 Layton, Wilcox Pen, Ord 5 Por | 3,284| 3,314] 30) z 
oo a Perry, Layton en : etn 2,750) 188 bs age oe 
1394| 4,414] 20 ilcox 4,75 
292 41 Tonkawa, Reagan Pen, Ord 
293 Perry s 3,494|3,501| 7 Perry 3,501 
294 41 Various Pen, Ord s z 4,823|4,900} <z| =x 
295 42 Tonkawa Pen 8 1,902) 1,912] 10 
296 46 Misener Dev 8 5,050] 5,064} 14 Wilcox 5,251 
297 
298 
Oxtanoma Crry AREA 
299 41 — U. Simpson, 2nd | Ord 
cox 
300 Wilcox, 2nd Ord 5 8,787| 8,800} 3 2d Wilcox 8,800 
301 ae oe — a 5 7,670) 7,672| 2 
2 8 impson 3 z z x " 
oa aniits = Ord 6,498] 6,521) 23 Wilcox 6,603 
304 45 Simpson, 2nd Wilcox Ord S, D,L} Por 
305 35 2nd Wilcox Ord $ 6,738) 6,766] 28 
306 39 Simpson, Wilcox Ord Por AF | Arbuckle 7,000 
307 37 Red Fork Pen § 5,920 5 c 
308 41 Hunton L 6,938] 6,956) 18 Wilcox 7,690 
309 35 Cleveland Pen 8 z 4,796| 4,808} 12 2nd Wilcox | 5,998 
a el ee i eTocs Name wie 
Hunton , 5 . 5 
aie 35 Hunton Sil-Dev L 6,004| 6,095} 91 2nd Wilcox | 6,610 
312 36 Trosper Pen Por 6,157| 6,168) 11 
313 37 Various Pen, Ord §,L | Por 6,700} = 
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TABLE 1.—(Continued) 
Oil-pro- 
Area duction 
Proved,|Total Oil Production, Bbl. | Number of Oil and/or Gas Wells | Methods, 
Acres? End of 
1943 
vee During | pnd of 1943. | Number 
Field, County Discov- 1943 nd of 19 of Wells 
ery 
: To End During 
5 Oil | of 1943 43 (=S| _ L|ee 
EI S| 2 |a/s8) 2 12 = 
3 es| 2 1S|5Al-s fs | w| 8 
z ie eS Be! 5 3o|.8 & 

: Eg| © |gjee| 23 (22| 8| 32 
= OMS: ele 2ee yhOu 
Osage County 
SIG Almedsy.aeviseios.< <1 eheieesepe oe 1918 1,205 a 5,840 69 69 
SUT PAtlantio ® cj «crater newer 1924 1,330 z 296,380 88 88 
SiS Avant: eases ce ooh neha eens 1904 12,520 x 773,800 1 756 756 
319 Westteatase ss. cehc dare 1905 | 3,555 z “47,450 154 154 
320) BROKE s.,<Brccreete score ate. e crareace 1919 850 z 9,125 32 32 
82il| Bandwheel i, arco) ecrrwres ee 1921 630 z 32,120 40 40 
BQO MBarkeraa seckeate-sns te kre nes 1932 240 = 24,820 11 11 
323) Barnsdale pvt. iciece serene 1916 3,620 z 63,510 207 207 
324 Pouthis sae ener e ee ee 1921 1,125 z 23,360 8&5 85 
325 Westy note Sein sheet 1922 1,665 z 122,275 109 109 
326) Bartlesville. 1904 16,335 z 16,060 81 81 
327| Big Bend... a 1943 320 104,705 104,705 4 4 
328] Big Horse......... Bparenio Seer 1927 335 z 4,015 23 23 
329)) Birch Creek: rs. es -mae nies tecian 1920 830 z 8,760 48 48 
330|}BostOnen os: eatinas oe tose selene 1904 770 x 102,565 32 32 
331 Wlesti Siete: cee eeinencss 1941 160 105,911 38,550 5 5 
332 INorth. Sterne 45 eere ete 1921 240 x 14,600 9 9 
BoSWBOWERMRen ore deracai 7 ere rere 1921 160 x 2,555 12 12 
$34! Branstetter...2.5<.<.6.s.00s. 1928 420 x 19,710 25 25 
Sah uel yaar selecenee asec 1922 100 < 7,300 9 9 
336|| Bulldog ce macccseteen et cone 1920 465 z 28,470 31 31 
337| Burbank (Osage and Kay)...... Geico 24,665) 211,770,387) 3,249,772) 2,205 1 1,690 1,690 
338) South.................. Ext. 1934| 4,465} 36,140,872| 9,637,917| 287 223 223 
$39] Candy Creek- 5 -.2.<0. 6 cc nh ni 1920 1,420 z 64,240 55 55 
340) Canyon Creek................. 1923 160 x 54,020 1 7 H¢ 
S41: CountryaClubs.> scene eee 1923 515 z 22,265 30 30 
342|hDaltont- pessoa can seen 1926 205 = 2,555 3 3 
B48 Deweycrtrancae niin cite teers 1904 4,920 z 18,615 108 108 
844) Domen: say eieaee nals tee aioe 1917 3,740 z 67,525 187 187 
BAD HdgewOOdae see creas. seh tis a eee 1921 285 z 3,285 3 3 
346) Elvin Souths. 1c se sae. 1917 1,985 z 18,980 107 107 
347 Enfisco. 1921 290 2,923 6 6 
348) Fairfax 1925 220 x 18,615 16 16 
349] Falls Dome 1920 380 x 16,060 19 19 
350) Flat Rock 1906 7,485 z 236,885 578 578 
351) Flesh 1919 320 z 4,745 5 5 
352 Maraleeh (Redrilled)... i. cece. 1920-42 20 x 2,970 it 1 
Sbo| Horty-lvesk. m0 .2 ee conace an: 1916 1,795 z 28,835 107 107 

Sb4|Pranklorts Pot) 2 candies. cae 1920 x Abandoned 

BAC UME eepomnbared Ase ata ce 1919 770 x 14,718 13 13 
356 Hep Si PLOMOW Seview.canctoacacer 1919 540 x 43,435 

357| sede Py saecite auxin Wikis feje erie tive 1934 40 8,584 = a! 
358 kos REG viecarcasic rate 1914 2,220 z 43,800 155 155 


i ae 


My Ras 


RAYMOND D. SLOAN 435 


TABLE 1.—(Continued) 


Producing Formation Bae of th 


§ 
sit 3 Depth: 
4 - Avg. Ft 
fi a 
: oS 2 
7 no nan 
d z = Name Age D oi = ES E Name 
eo 2lé Sie] 2. tak ee) § oF 
me | 5 g @| Se )/oviey 8 ae 
a 3 2] aS |SESlee| 3B AS 
ale 6 1a| & |a@ 2] & am 
Osage County 
a 316 33 | Bartlesville, Burgess, Pen, Mis 
f Mississippian 
_ 317 39 _| Burgess, Siliceous Mis, Ord, Cam | §, L { eee a 
La y od 
- 318|RP| 33 | Bartlesvill 1,400} 1,465 
, le, Burgess Pen Ss { 1'450] 11600 
319 32 Bartlesville, Burgess Pen s 
: 320 34 Bartlesville, Mississippian Pen, Mis §,L 
- 321 “| 34 Various Pen, Mis §, L 
%p 322 36 Various Pen, Mis, Ord, 
ot - am 
ae hey) 33 Peru, Bartlesville, Mississip- | Pen, Mis, Cam} §, L { 1,110 Fe 
t pian, Arbuckle 1,550] 1,725] 75 
BF 6324 33 Bartlesville, Burgess Pen $ 
ri oH ba aco Pen $ 
: arious Pen 650} 1,265 
i 327 41 | Layton Pen S 2,874| 2890| 16 Layton 2,890 
» 328 35 Bartlesville, cease Pen, Mis 8,L 
A 329 34 Bartlesville, Burgess, Missis- | Pen, Mis §,L 
y sippian 
4 330 37 Various = Mis, Ord, | §, L 1,500} 2,620 
E am 
4 331 38 Simpso: Ord $ 3,064 15 
¥ 332 36 Wileox,. Arbuckle Ord, Cam 
"4 333 34 Layton, Peru, Oswego, Missis- | Pen, Mis §, L 
4 sippian 
334 40 Bartlesville, Burgess, Missis- | Pen, Mis $,L 
(a sippian 
12 335 37 Various Pen, Mis 8, L 
336 34 Various Pen, Mis 8, L A 
ra 337|RP| 38 Layton, Burbank, Wilcox Pen, Ord s 2,700) 2,850) 60) ML | Granite 4,240 
. 338 PM| 38 Burbank, Skinner Pen $ 2,850 
Z ; ot = ck Sel ag on he 2 
; artlesville, Burgess en 
er 341 33 Various Pen, Ord 
* 342 38 Bartlesville, Burgess Pen 8 
me” 343 33 Various Pen L, 8 650| 1,265 
“4 1,570/ 1,124] 67 
oe «(344 36 Stray, Bartlesville, Mississip- | Pen, Mis §,L 1,680) 1,780| 100 
“4 pian 1,880) 1,925] 45 
mm 345 35 | Bartlesville, Burgess, Missis- | Pen, Mis $,L 
if sippian ‘ 
ii 346 33 Ramsey, Pennsylvanian, Os-| Pen 
= wego “ 
“ 347 36 Stray, Oswego, Mississippian | Pen, Mis §,L 
: 348 38 Oswego, Burbank, Wilcox Pen, Ord S  |20-25 z| ML 
7 349 36 Oswego, Bartlesville, Burgess | Pen 1,11011.206| 95 
-360|RP| 34 | Bartlesville, Burgess Pen 8 { ag eaent 30 } Wilcox 1,667 
“4 a 35 Bartlesville, Mississippian Pen, Mis 
353 34 | Oswego, Skinner, Bartlesville | Pen 
354 Pennsylvanian, Oswego, Mis- | Pen, Mis §,L 
sissippian A 
355 36 Various Fe Mis, Ord, | 8, L 
‘am 
ee 36 Policy Bartlesville, Burgess a 5 
35 39 yton ‘ en 
358 35 Oswego, Bartlesville, Missis- | Pen, Mis §,L 
sipplan 
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TABLE 1.—(Continued) 
Opn: 
uction 
Area |Total Oil Production, Bbl. | Number of Oil and/or Gas Wells bo 
P d, nd oO: 
Acre? 1943 
Year of Durin Number 
Field, County Diseov- 1943, | End of 1943 | Gr Wells 
ery 
: To End During ° 
5 Oil | of 1943 1943 |= S] Pelee Dole 
| Che i als es a a 
5 23} 3 .(s)sCl 3 be aa 
7 Bo| & ESs] So Sele] as 
o ge! 8 |3\/82| S= |Ss| 2] SS 
5 88/8 |ejs4| &° |£o/a| 2A 
359| Hickory Creek, South......... 1939 340 z 67,359 41 41 
SOO PELOMIY tater Noe ene erre ere 1916 415 2 20,805 11 ll 
361 BSSUAY mite feces cette 1918 630 z 16,790 20 20 
362 South) 2-2) peer 1940 30 12,184 944 3 3 
1919 1,385 Es 27,375 52 52 
1921 140 Zz 5,475 17 17 
1922 180 29,770 7 He 
1919 145 z 1,825 9 9 
1926 80 3 5,840 5 5 
308) Madalene. ...0 dd eciserew are ee 1920 520 fr 20,075 38 38 
369 POET Aero ant arene Menara 1923 400 rz 15,695 33 33 
STOW Manton. ec oh ee oe 1927 460 19,421 31 31 
371 North. ace ie ae 1920 910 = 51,830 59 59 
31 2| Myers. eesscnse ce Aco ae 1919 260 z Abandoned 
373| Naval Reserve................ 1933 3,290 18,701,968 832,119 233 233 
374| Naval Reserve, South.......... 1938 80 415,746 33,951 6 6 
375| Nelagoney (Redrilled).......... 1919-42 80 x 15,695 1 4 4 
376| New England................. 1920 585 x 25,550 27 27 
377) Ochelata, North............... 1910 1,560 z 37,230 86 86 
378) Ohio-Osages..\.....0-5.0000506 1932 195 z 296 24 24 
379. Okesa sean a 8s matinee eee 1904 1,210 z 2,920 10 10 
BeO\ Osage! Citys eine eer wee 1904 3,805 z 228,125 218 218 
381 Basta. at. cerot cee eee 1920 805 z 46,720 61 61 
382] Osage-Hominy......<......... 1917 1,625 z 239,440 138 138 
30a ARO amet tee aces fc eon ee 1918 745 z 20,805 29 29 
1919 505 z 26,280 18 18 
1919 180) | z 3,650 6 6 
1919 220 z 86,870 21 21 
1922 160 zr 6,205 2 2 
1918 5,595 z 93,805 236 236 
1923 285 z 24,455 15 15 
1920 300 x 15,695 21 21 
1913 1,295 x 16,060 56 56 
1926 475 | 5,110 il ll 
1914 3,645 x 56,575 194 194 
1911 1,755 z 73,365 81 81 
1911 715 = 17,520 27 27 
1919 295 x 1,460 10 10 
897; Vidal-Osagesiics sieves cs cv cree 1918 1,975 = 68,620 
398) Turkey Creek................. 1917 x ~ Abandoned — sd 
SOO pat UW CBU. cs cisieaar ake mere aeiety 1925 305 z Abandoned 
400) Wihitatails rinactcesccteecwicy od 1919 205 * 2,190 1 1 
AOL! Wildhorses. os occccdasds ccesnee 1912 4,670 z 225,935 
402 INODUn i acdene ook ice rcca 1919 360 z= 12,775 or = 
403 BOUCHE. 5 sic bevicea aueea 1923 205 z 11,315 ll il 
404 IWEBU Sattiltetaaccutiot cen 1940 160 122,024 29,270 4 4 
AOS) Woolerags cinco. shout ckeuc 1917 2,525 x 43,435 157 157 
AUG! WivnOnne, vente an the eenien nee 1917 8,475 z 53,290 157 157 
407| Miscellaneous................. 2,380 x 112, "349 96 96 
408 veh iad He district of 
pools marked z.......... 335,704,538 
409 Total Osage County .. 154,885 603,078,335 11,059,498 7,973 
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Various 


Producing F i Deepest Zone Tested 
ne ee to End of 1943 
a 
= Depth, 
E Avg. Ft. 
Silas Nami A id 
2 < e ge ‘ / = FI Name 
z| 3 Sb ise ee eel OB ‘sé 
& 3 ‘a | Be loglRal 8 As 
3 a 3 Z| as |SElee] 2 Bo 
ale SO jm | am [asia] 2 am 
359 Wayside 
360 Various — Mis, Ord, | 8, L 2,625| 2,685] 50| A | Arbuckle 3,206 
. . . . . am . 
361 Bartlesville, Mississippian, Pen, Mis, Ord, 8 2,160) 2,210 A | Arbuckle 2,857 
Hominy, Arbuckle Cam 
362 wego Pen 
363 Various Pen, Mis $,L 
364 Burbank Pen 8 
365 Prue, Skinner Pen 
366 Peru, Oswego, Bartlesville Pen 
367 Oswego, Bartlesville, Burgess | Pen 
368 Prue, Oswego, Bartlesville Pen 
369 Bartlesville j Pen NS) 
~ 370 5 doe Oswego, Bartlesville, | Pen - 
371 Bartlesville, Wilcox Pen, Ord $ 
372 Layton, Burgess Pen 
373 Burbank Pen 5 z\ x 
4h Simpson (Hominy) Ord s 2,940) 3,050] 110 
376 Bartlesville, Burgess, Arbuckle) Pen, Ord, Cam 
377 Prue, Bartlesville Pen 8 
378 Cleveland, Bartlesville |_| Pen i) 
379 Prue, Bartlesville, Mississip- | Pen, Mis S, L 
pian 
380 Burbank, Burgess, Arbuckle | Pen, Ord, Cam) S,L 
381 Cleveland, Bartlesville | Pen S {etl a oeol aol} | Mississippian | 2.431 
382 Layton, Oswego, Bartlesville, | Pen §, L Zz z| £ 
Burgess ; 
383 Various Pen, Ord, Cam} §, L 
384 Bartlesville, Burgess, Burgen, | Ord 
Arbuckle 
385 Bartlesville, Burgess, Burgen, | Pen, Ord, Cam | §, L 
Arbuckle 
386 Layton, Oswego, Burgess, | Pen, Mis §,L 
Mississippian 
387 Bartlesville, Mississippian Pen, Mis 5, L 
388 Cleveland, Bartlesville Pen s abe rife 
389 Various Pen, Ord, Cam| $, L ““z| 2} 45] A | 2nd Wilcox 
390 Various Pen, Ord 8, L 
391 Various Pen, Mis §,L 
392 Prue, Bartlesville Pen $ 
393 Oswego, Skinner, Bartlesville | Pen $ 1,720} 1,780) 60 = 
394 Big Lime, Bartlesville, Burgess| Pen __ §,L 
395 Bartlesville, Burgess, Missis-| Pen, Mis | §,L 
sippian_ , 
396 Bartlesville, Hominy, Pen, Ord §,L 
Arbuckle j 
397 Burgess, Bartlesville Pen 
398 
399 Pennsylvanian sand Pen _ § 
400 Stray, Bartlesville, Mississip- | Pen, Mis §,L 
401 fas 3,550) 4,260 
402 i 
403 
oe Steen tlesvill 
405 ner, Bartlesville 1,600] 2,281 
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TABLE 1.—(Continued) 
Oil-pro- 
Rew A duction 
Proved,/Total Oil Production, Bbl. | Number of Oil and/or Gas Wells | Methods, 
+| Acres? End of 
1943 
; Year of Durin Number 
Field, County Discov- 1943" End of 1943 | of Wells 
ery 
F To End During 
g Oil | of 1943 1943 | 23) | lee 
E 3=/ 3 Ee2le iv | |. 
5 Bas os Oo] OQ] -x “= ae} Ss 
Zz Be! 2 sisal] 8 S.|.8] 5 
. Be] F is|de| Se [83] E| Se 
2 6g| 6 |S/s8| 25 |£5] 8] BS 
a o Oo [zleF ac |kCle| a 
SemINote AREA 
410| Adams, Hughes................ 1935 320 1,832,214 256,109 10 10 
411] Alabama, Hughes.............. 1923 640 x 21,900 20 20 
412| Buchner, Hughes.............. 1924 140) x 9,128 1 1 
413] Calvin, Hughes....... 20.4... 1938 80 105,088 3,053 3 3 
ATA) Mish SH ughes:, tance ae ceidenite 1934 1,870, 18,745,276 698,134 140) 140 
415| Fuhrman, Hughes 1925 395 1,807,099 | 3,645 1 1 
416| Gilcrease, Hughes 1924 245 422, "120, 645 1 1 
417| Holdenville, North, Hughes..... 1926 80 141,357 1,859 1 1 
418 Wiest; Hughes ache aver ven 1916-30 1,380 5,648,018 170,557 107 107 
419| Horns Corner, uUghesien, weenier 1943 160 155,811 155,811 A 5 5 1 
me Maas Boyle Seer: A Ae ete omy 
AMAT WEPUINES. ts aies)e tte aie emis 04, andon 
422| Papoose, Hilghes. . 1923 2,815 22,196,772} 161,834 379 54 54 
423| Spaulding, Hughes............. 1929 80, 86,620) 4,872) 2 2 
424 South, Hughes... save 1943 160 23,016) 23,016) 2 2 
425 Southeast, Hughes... Timely ee 1939 40 26,104 9,593 4 4 
ae ec Hughes Hoy fio. sce oe 20 ae Bee | a 1 : as 
428 Smee er ae 1926 100 ee 3,533 4 4 
429) Yeager, Hughes................ 1925 345 1,958,000 31,530 4 4 
430 North, Hughes. ........... 1936 100 175,335) 22,554 6 6 
431| Miscellaneous, Hughes. . a 180 156,659, 5,861 8 8 
432| Bearden, Northwest, Okfuskee.. 1941 100) 184,592) 119,614 12 12 
433] Castle, Okfuskee............... 1941 200 167,189 38,194 2) 2 
434 North, Okfuskee........... 1941 200 61,623) “16,626 4 4 
435 South, Okfuskee....... oa 1941 120 33,680 5,142 3 3 
436] Cromwell, Bast, Okfuskee 1940 540 4,218,144) 844,488) 72 72 
i 
lu ig cat] at | meth “gar Bat: 
MSKECs cRieiy wcetces eye . » | ’ 
439 Northeast, Okfuskee....... 1943 120! 131,935 131 938 11 i i ‘ 
440) Olympic, Okfuskee Deh eee 1934 3,860 12,298,869! 416,130 3 
441) Rusk, Okfuskee 1941 "300 1,132,367) 447,122 a ce = ee 
442) Asher, Pottawatomie............| 1929 430, 3,691,121 29/299 5 5 
443 West, Pottawatomie........ 1930 780 7,653,563 87,215 31 31 
444) Avoca, Pottawatomie.. peas 1938 220 1,429,431 96,998) 2 17 17 
445 Brooksville, Pottawatomie....... 1942 440 483,257 287,739) 2 10 10 
446 South, Pottawatomie........ 1943 100 25,221 25,221 1 1 1 1 
bel hae West, Pottawatomie.... 1943 200 2,303 2/303 | 1 1 1 
enterpoint, Pottawatomie..... . 1942 200 98,92 
449| Earlsboro, Northwest, Potta- ‘ ee : 3 
WAOMIC» = reac arene 1942 200 150,755 ‘ 
450 West, Pottawatomie........ 1924-29 1,405 3,654,568 re aH ni a 
451) Gray, Potiawatomie satiate erie ial 1932 320 4,994,555 307,558 26 26 
452| Grisso, Pottawatomie......... 1934 210 385,335 14,707 3 3 
453) Hotulke, West, Pottawatomie. . 1941-42 1,000 1,441,889 379,750 22 22 
454) King, Pottawatomie hse erate 1939 100 141,507 8,758 3 3 
455 est, Pottawatomie........ 1939 100 231,717 1,131 1 1 
456) Lake Shawnee, Pottawatomie. . 1943 40, 23,097 23,097 1 1 1 1 
457| Macomb, Pottawatomie......._. 1942 300 49,522 22/211 3 3 
458] South, Pottawatomie.. 1943 120 91,800 91,800, 4) 4 3 3 
459} Maud, Pottawatomie Kane ooo crear 1928 1,980 12,423,848 158,011} 158 56 56 
460 South, Pottawatomie. . 1941 140 
461] Prague, Pottawatomie. . 1940 220 1 OO age Sones YW ; 
462] Romulus, Pottawatomie.... 1940 450| 1,408,129 170,287 18 18 
463 Townsite, Pottawatomie. . 1942 80 35,707 17,191 1 1 
464) Sacred Heart, Pottawatomie.... . 1939 140 336,277 30,064 ‘ 8 8 
ee ee ee 
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TABLE 1.—(Continued) 
i a 


Character : 
of Oil Producing Formation vere. Martie ie 
, i= 
Ff 3 Depth, 
3 ‘ Avg. Ft. 
{' = Gravity 
- a mA A.P a at oe 
t; to. GOK, Name Age f 2)e 
q E | Weighted : ’ S| 5 _ 
fee S|e| 2. |= se] & si 
” £ s a= Be | 6éc/B 2 as 
a} & 5 8 | ag /sslle 8 se 
| a aA | S| SS | ShlSa| 5 ac 
iS) iv = Qa |e nD a 
; SemMInote AREA 
4 X | 
410 40 Misener | Mis s Por 1 yi 
4i1 39 Warnes = Pare 5] A | Wilcox 4,317 
412 35 Booch, Cromwell Pen 8 zr e) 62 
¥ 413 36 Viola Ord L z re 
~ 414 37 Various Pen, Ord z a] = 
4 415 37 Gilcrease, Cromwell Pen 8 z a) =z 
416 39 Gilcrease Pen Ss z alo 
me 4:17 40 Cromwell Pen Ss 3,418] 3,437] 19 
» 418 37 Various Pen, Ord s) 
. 37.3 | Cromwell Pen N) 3,865) 3,683} 18 
421 39 
B422 36 Calvin, Gilcrease, Cromwell | Pen 8 Por 10} A | Wilcox 
ae «423 35 Booch Pen § 
«424 33 Booch Pen NS) 2,635] 2,658) 23 
425 36 | Booch Pen 8 2,648] 2,670| 22 
_ 426 38 Various Pen, Sil-Dev | 8,L 
m 427 53 Hunton, 2nd Wilcox Sil-Dev, Ord Ss 
428 39 Gilcrease, Cromwell Pen 8 
= 429 39 Various ge Sil-Dev, | 8, L 
~ 430 37 | Cromwell, Hunton, 2nd Wil-| Pen, Sil-Dev,| S,L 
‘ cox Ord 
my - 431 35 Booch, Cromwell Pen Ss 
432 36 Booch Pen 5 2,954 20 
ae 433 43 Booch, Hunton Pen, Sil-Dev 3,950} 3,960 
4 434 41 | Cromwell Pen 3,310| 3,323] 13 
' 435 43 Hunton Sil-Dev 3,930) 3,942| 12 
436 36 Cromwell, Hunton, Wilcox a Sil-Dev, 
437 36 Booch, Cromwell Pen iS] 
- 438 36 Senora, Cromwell, Hunton Pen, Sil-Dev §,L | Por 
: 439 37 Cromwell Pen 8 3,488/3,505| 17 
ze 440 34 Senora, Cromwell Pen 8 Por 3,433| 3,475) x 
— 441 38 Cromwell Pen 3,691] 3,710 
«442 39 Wanette, Viola Ord §,L z za) 
= 443 43 Wanette 3,450 
444 39 Viola, 2nd Wilcox Ord 8, L 
445 33 | Hunton Sil-Dev L 4,759 28 
= «446 33 Hunton Sil-Dey L 4,854| 4,870) 16 2nd Wilcox | 5,481 
ee 447 2nd Wilcox Ord § 6,241] 6,251) 10 2nd Wilcox | 6,251 
— 448 40 Dolomite Ord i) 5,593 20 
449 37 _| Earlsboro Pen 8 3,875 20 
"450 38 Hunton Sil-Dev L 2 al) a ; 
mw 451 40 Wanette, Hunton, Simpson | Sil-Dev, Ord 2,500] 3,475] 25| A | Wilcox 3,500 
a 452 36 Hunton, Simpson Sil-Dey, Ord L Wilcox 4,860 
= 453- 38 Viola, Wilcox, Hunton Ord, Sil-Dev §,L 
ee 454 41 Hunton, Viola Sil-Dev, Ord L 4,374) 4,416] 42 
meee 455 41 Hunton Sil-Dev L 4,281| 4,306) 25 
oe |? = ea eee 
: funton -. . . 
@ nts 35 Hunton Sil-Dev L 4,664| 4,760} 96 2nd Wilcox | 5,451 
: 459 38 | Misener, Hunton, Simpson | Mis, Sil-Dev, | 8,1. | Por | 4,130/4,140) 10 A. | Wilcox 4°330 
4 460 40 Simpson Ord D 4,320] 4,325) 5 
ot 33 | Hunt ScD 
462 ‘unton -Dev . 
463 28, Hunton Sil-Dev L 4,880 20 
464 32 _ | Earlsboro Pen s 2,862] 2,883) 21 
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Line Number 


TABLE 1.—(Continued) 
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OIL AND GAS DEVELOPMENT IN OKLAHOMA IN 1943 


Oil-pro- 
Area duction 
Proved,|Total Oil Production, Bbl. | Number of Oil and/or Gas Wells | Methods, 
Acres? End of 
1943 
Y f j 
Field, County Davey During | End of 1943 | [umber 
ery 
: To End During 
Oil | of 1943 1g SS ee ee 
gi 2 als Si Se he = 
o3| 2 |e so) S aie elene 
a. i= = =I CS) ee: o 
BS| € |Z/22| $= [88] 5] Se 
OF 3 le?) &° |aPla| aA 
Shawnee, Pottawatomie......... 1934 700 3,366,241 233,539 48 48 
East, Pottawatomie......... 1937 40 65,567 Abandoned ; 
North, Pottawatomie....... 1937 90 494,500 102,386 4 4 
Northeast, Pottawatomie. . .. 1942 70 219,487 209,645 3 4 
South, Pottawatomie....... 1943 20 16,823 16,823 2 2 
Southwest, Pottawatomie. . 1943 40 2,087 2,087 tl) 1 1 
St. Louis, Pottawatomie..:...... 1927 19,905} 163,050,650}  3,589,809| 1,225) 2 746 746 
East, Pottawatomie......... 1941 110 212,768 33,347 8 8 
North, Pottawatomie........ 1941 1,000 1,037,503 192,777 30 30 
Tecumseh, Pottawatomie........ 1937 40 172,074 14,540 1 1 
East, Pottawatomie......... 1941 280 431,646 32,481 9 9 
Tecumseh Lake, Pottawatomie. . 1941 150 1,079,664 138,109 1 10 10 
Wanette, Pottawatomie......... 1943 40 18,011 18,011 1 1 
West, Pottawatomie........ 1943 10 3,070 3,070 1 1 
Miscellaneous, Pottawatomie..... 150 x 6,161 5 5 
Allen (deep), Seminole.......... 1927 3,400} 53,929,825 1,239,755) 474 1 293 293 
Bethel, Seminole............... 1925 620 1,928,156 54,054 35 35 
North, Seminole........... 1936 300 4,291,287 215,820 26 26 
Northeast, Seminole. . 1941 20 11,173 4,507 3 3 
West, Seminole a ee ae 1941 150 336,518 136,925 5 5 
Bowlegs, Seminole ete 1926 4,000} 122,732,500} 1,713,892) 364 203 203 
Carr City, Seminole............ 1927 1,885} 32,050,952 598,872) 122 72 72 
Cromwell, Seminole............ 1923 5,465); 58,964,624 883,555) 503) 1 
South, Seminole........... 1937 | 100] 571,606} _46°700 a = 
Dill, South, Seminole........... 1941 100 173,446 34,111 4 4 
Dora, Seminole................ 1935 1,110 5,250,021 245,515 102 102 
Earlsboro, Seminole............ 1926-42 5,235} 127, 587, 971 995,313} 499 164 164 
East, Seminole............ 1929 2,105} 39,720,770 483,522) 192 74 74 
North, Seminole........... 1936 460 7,196,002 983,715 
Sith: Gensicte cates 1930 |  430| 9'342'942/ —193'643/ 39 ue = 
Fish, West, Seminole........... 1941 30 20,597 5,855 
Grayson, Seminole. . ane 1935 530 2,215,155 153,269 1 = = 
North, Seminole 1942 80 4,739 1,187 1 a 
Hazel, Seminole. .... 1938 330 539,682 59,786 7 1 
Jackson, Seminole. .. -.:| 1925 | _ 735] 790,800] 26,388 2D a 
Keokuk, Seminole............. 1983 2,585} 18,281, 204 680,960) 108) 1 88 a 
Konawa, Seminole............. 1929 1,695} 15,838,611 307 
Hast, Seminole.............| 1936 | "225| "32495 Ar oes = 92 
South, Seminole 1938 | 560| 1,382,386, 1411443 44 : 
_ West, Seminole... 0.02.2... 1938 220 07,555 64.971 i 44 
Little River, Seminole 1927 | 4,090) 115,144'604) 1,549/548] 602 219 16 
East, Seminole............ 1928 910| 17,065,119} "165,056 62 212 
North, Seminole... 1941 220/ 422,545] «126,027 Lr 
Southeast, Seminole........ 1940 40 32,421 91637 . 5 
_ West, Seminole............ 1938 | 220] _1,022'579| —_8a°793 s 2 
Mission, Seminole.............. 1928 1,570 26, 176, = 316,901} 122 5 13 
Rosanna, Seminole,............ 1924 505 65,034 ~ 58 
Benatios Hemtndle, 20s; uy cee 1929 | 120| 359,290 11480 ee 20 
Sasskwa, Seminole...........0. 1927 | 1,145) 11,439'879| 267°365 ne fe 
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TABLE 1.—(Continued) 


Charact: : : 
‘ of Ol Producing Formation ranged bare Sloss 
y a 
& Depth, 
7 £ Avg. Ft 
& Gravity 
g| =| oF, j 
Pre, Name A s 2/S 
q < Weighted ge : 2 35 Name . 
es iz. | § | Aversee s|2| 2. |e e*| 2 i 
2| 8 £ | 8 2/sslal 8 22 
Ale 4 | | &8 |5#\2-| 3 BE 
=< 2es| ee . Sale| mM 
Fs 465 34 Earlsboro P 8 P 
a 6466 31 Wilcox ; Ord Ss ie 4,839] 4,844 6 Ye 
=e . 467 36 —_| Simpson Ord 4,853] 4,886] 33 
468 33 Wilcox Ord s 4,835 18 
e” - 5,185) 5,191 6 ‘ 
489 37 _| Sandy Limestone ) { bet ae \ Wilcox 5,234 
= ©. 470 42 Hunton Sil-Dev L 5,110} 5,156) 46 Wilcox 5,511 
a 471 38 Various = Sil-Dev, | 8, L | Por z z| - al =z 
«472 37 | Wilcox Ord 4,111] 4,119] 8 
| 2 |e Spr | | SeSeal 
7 impson 1 238) 113 
415 35 _| Viola, Wilcox Ord { tere 
a 476 38 _| Ist Wilcox Ord 5,234| 5,244| 10 
ge ati 39 Viola Ord L 4,140) 4,140 2 Wilcox 4,695, 
3 478 36 Dolomite 5,118] 5,180} 12 Wilcox 5,304 
e 479 36 Earlsboro Pen tS) 
- 480 36 Various pe Sil-Dev, | 8, L 2,500} 4,250 
ey 481 36 Booch, Gilcrease, Cromwell | Pen s ML 
4 482 40 Cromwell en 8 Por 20; A | Cromwell 
| 483 Cromwell Pen 
i 484 39 Cromwell Pen 3,450) 3,451 
2 485 40 Various = Sil-Dev, | S,L | Por 30| A 
% 486 40 Misener, Hunton, Wilcox , Sil-Dev | S,L | Por | 4,180) 4,205 A | Wilcox 4,210 
| 
J 487 37 Various Pen, Ord $ Por 3,400 AF | Wilcox 4,226 
ra 488 37 A aes i Pen, Ord NS) 4,176] 4,189] 13 
4 icox 
. 489 40 Hunton Sil-Dev 4,128] 4,150} 22 
} 490 35 | Boggy, Calvin Pen s 2,947| 2.959 
491 38 Earlsboro, Hunton, Wilcox, | Pen, Sil-Dev, §,L z | 2 
A Simpson Dolomite Ord 
= 492 39 Calvin, Hunton, Wilcox a! Sil-Dev, | 5, L 2| 4,250) = 
~ 493 41 | Hunton, Wilcox Sil-Dev, Ord | 8, L A. | Wilcox 4,680 
a 494 39 Calvin, Hunton, Wilcox = gil-Dev,| §,L | Por | 4,200} 4,225) 25) A Wilcox 4,225 
495 36 Booch Pen 3,168] 3,192] 24) | 
496 40 _| Simpson Ord z | 4,030| 4,050] 20] « |2 x 
me | (407 33 Hunton Sil-Dev L 4,160 10 
y 498 36 | Thurman, Boggy Pen s 2991] 3,003] 12) 2 
+, 499 38 Booc en z al. 2 : 
he 500 40 Misener, Hunton, Wilcox = Sil-Dev, | 8, L z z| «2 | Wilcox 4,483 
, 501 36 | Earlsboro, Cromwell, Simpson | Pen, Ord g at oe 
a 502 39 Earlsboro Pen 8 a 
e. 503 37 Hunton, Viola, Wilcox Sil-Dev, Ord §,L 
m 504 36 _| Boggy, Calvin Pen S 2,697| 2,714) 17 
505 38 | Various Pen, Ord S | Por z/4,100; 2| 2 
4 506 36 Various Pen, Ord s z ee ee eZ 
507 41 Hunton, Dolomite, Wilcox raed Ord 4,282] 4,289] 7 
3 en 
7) so | Wileos Ord 8 4,378) 4,380| 2 
510 39 Hunton, Wilcox Sil-Dev, Ord 8, L z\ 4,300} = 
E LL. < 38 Booch ros E 3,034| 3,054) 20 
i , Cromwell en 
a a ce ; Pen, Ord §,L 2,793) 4,187 
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OIL AND GAS DEVELOPMENT IN OKLAHOMA IN 1943. 


Oil-pro- 
ren duction 
Proved,|Total Oil Production, Bbl. | Number of Oil and/or Gas Wells Methods 
Acres? End of 
1943 
Year of Durin Number 
Field, County Discov- 1943” | End of 1943 | Cr Wells 
ery 
? To End During | oo 
8 Oil | of 1943 1943 |ES| 5 |olBE 
g = S7] 8 /288| 2 |e = 
Z, 3@3s| & ls/5A;-s Js | 2/8 
a eel = i a5 = cS) = |e a 
| 3 SS 
2 fs| € |gifal Bs |26] 8| $3 
5 BS) 3d [ae2] go ela! ae 
514] Sasakwa, East, Seminole........ 1937 40 58,361 5,417 2 2 
515] Sasakwa Townsite, Seminole... . 1933 175 2,501,279 72,574 8 8 
516] Searight, Seminole............ 1926 2,110) 34,895,368 300,054| 145 1 56 56 
517 East, Seminole.........:. 1939 80 187,208 7,608 4 4 
518 North, Seminole..... ig 1934 451 3,856,130 167,763 19 13 13, 
519] Seminole City, Seminole....... 1926 4,635| 132,648,187 1,817,859} 411 195 195 
520] Seminole: East, Seminole...... 1926 1,680 9,053,171 242,403) 134 84 84 
521 North, Seminole.......... 1940 100 106,252 23,833 t 7 
522 West, Seminole........... 1935 500| 14,264,926 473,914) 43 35 35 
523] Swan, Seminole..............- 1938 10 17,137 1,434 1 1 
524] Sylvian, Seminole............. 1941-42 300 141,110 103,228 2 7 7 
525 Northeast, Seminole....... 1942 40 30,517 15,302 2 2 
526] Transco, ‘Seminole Seen a 1926 40 104,143 Abandoned 
527| Traugh: Deep, Seminole....... 1937 140 985,394 50,709 10 10 
528 Shallow, Seminole.......... 1937 270 986,914 69,861 24 24 
529] Tyrola, Seminole............... 1937 100 96,878 9,785 3 3 
530 East, Seminole............ 1943 80 5,258 5,258 1 1 1 1 
531] Wetley, Seminole............. 1927 675 572,934 28,834 15 15 
532] Wewoka, Seminole............ 1923 2,015} 34,655,802 303,136 80 80 
533 East, Seminole............ 1927 365 1,577,529 34,727 8 8 
534 North, Seminole.......... 1940 100 282,073 56,080 5 5 
535 Northeast, Seminole....... 1941 200 909,869 264,994 20 20 
536] Wewoka Lake, Seminole....... 1943 160 6,841 6,841 Land: 1 1 
537| Wewoka Townsite, Seminole... . 1924 345 6,225,799 113, 487 25 25 
538} Wofford, Seminole............ 1935 60 679,661 11,519 3 3 
539] Miscellaneous, Seminole....... 160 125,587 23,912 13 13 
540 Aggregate for district of 
pools marked z......... 4,196,837 
541 Total Seminole Area...... 104,336) 1,207,814,781| 27,222,975 4,732 
SouTHEASTERN OKLAHOMA 
542| Ardmore, Carter.............. 1942 80 86,084 73,427 
543) Brock, Carter 1922 765 3,708,594 85,837 17 127 
544! Caddo, Carter 1939 40 50,763 8,233 1 if} 
545] Caddo (Deep), Carter 1942 80 149,058 93,644 1 1 
546| Centrahoma, Coal............ 1937 80 126,751 18,846 3 3 
547| Clarita, Codl................. 1937 40 84,511 7,572 3 3 
548| Miscellaneous, Coal........... 1940 1 1,413] None 1 1 
549| Pauls Valley, Garvin. ......... 1942 | 1,700] — 2,792,814/ 1,989,446] 58) 43 58 1 
550| Miscellaneous, Garvin 1936 15,364 None 1 1 
B51) Citta, Hugnese ccc cea ke sess 1937 20 6,130 Abandoned 
552| Overbrook, Love.............. 1943 10 1,320 1,320) 1 1 1 
553] Miscellaneous, Love........... 1937 40 4.617 420 1 1 
554| Byars, McClain... sso... 1939 280 603,090] 140,078 7 12 12 
555} Aylesworth, Marshall......... 1942 40 54,774 49,5 3 3 
556| Cumberland, Marshall... .... 1940 | 2,170] 9,290,173] 3,757,621| 86] 27 87 1 
557| Enos, Marshall............... 1933 265 174,515 1,315 23 23 
558| Isom Springs, Marshail...-.... | 1931 380 230,997 31,755 15 75 5 
559| Kingston, Marshall........... 1932 115 18,232 730 9 9 
560] Madill, Marshall.....000....2..] 1935 275) 1,134,260 8,760 73 73 
561 Miscellaneous, Marshall... 1932 20 None 1 
562) Ada, East, Pontotoc........... 1928 325| 302,090 20,805 13 3 
563| Allen (shallow), Pontotoc.....:.:| 1913 | 2,530/ 8,935,208 100740 183 183 
564] Bebee, Pontotoc................] 1923 | 21580 147028'006| —-922"730 214 214 
565] East, Pontotoc............ 1930 215, 473,509] 44,177 23 23 
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ha 
C os Producing Formation pee pie gh More 


Z & Depth, 
/ Fol G Avg. Ft. 
ravity 
>... é APL at i + 
- am 2\s 
6 4 A | Weighted ie Age é. ; a § : Name ’ 
= € B Ao jodie yy] 8 ag 
2/8 g§ |] a8 23 (28) 3 ic 
2 a\8 é | &| eS |a#(2| & ae 
514 31 Senora Ss 1,265] 1,275] 10 Gilcrease 2,610 
— 515 37 Wilcox Ord S$ | Por] 4,047/ 4,050] 3] 2 
: 516 38 Hunton, Wilcox Sil-Dev, Ord 8,L | Por 4,120] 4,325) 2] =x 
L 517 39 Cromwell Pen S 3,775| 3,791] 16} 2 
oo 518 32 Wilcox Ord 8 z 4,596 z| s| 2 
S 519 39 Various = Mis, Sil-| §,L | Por z \oc 
f eV, 
- 6§20 38 Cromwell, Hunton, Wilcox Pen, Sil-Dev §,L 3,514 
. 521 31 Senora Pen 
_ 522 42 Calvin, Wilcox Pen, Ord NS) Por 4,085] 4,115} 30} A | Wilcox 4,150 
— 523 36 Thurman s 2,671| 2,691) 20 
So. B24 34 1st Wilcox, Cromwell Ord, Pen 4,366] 4,384; 18 
we 525 37 Cromwell Pen § 3,652 10 
> 526 36 Calvin, Senora Pen 2,159) 2,174) 15 
- 527 36 Zee ae Wilcox Ord s a| 
e528 33 Earlsboro Pen 8 2,347) 2,360| 13 
=r 529 37 Hunton Sil-Dev L 3,317 oh ae 
p= 530 26 Senora iN) 1,745] 1,760) 15 1,809 
me 531 35 Hunton Sil-Dev L 2,420] 2,585) 165 
532 37 Cromwell, Hunton, Wilcox os Sil-Dev, | S,L | Por 
«533 38 | Hunton, Wilcox Sil-Dev, Ord | S,L 4214] | z 
“A 41 Wilcox Ord 
4 36 Misener, Hunton Mis, Sil-Dev 3,940) 3,995 
4 40 Booch 3,334) 3,344) 10 
“ 38 Various em Sil-Dey, | 5, L 
- 40 Boggy, Wilcox Pen, Ord s z a). 
m7 539 38 Senora, Calvin, Hunton Pen, Sil-Dev §,L 
ie 540 
P 
vy 541 
a 
z- SovuTHEASTERN OKLAHOMA 
> « 542 39 Springe Pen iS] 3,302 40 fs 
543 32 | Ordovician, Arbuckle Ord, Cam 8 | Por 2,100 | AF |OrdLime — |3,000 
— 544 35 | Woodford Mis $ 4,170| 4,324] 154 
«545 41 Bromide Ord 8 5, 15 
«646 38 McAlester sand, Viola Pen, Ord §,L 5,970| 6,235} 265 
= 547 39 Atoka 5 790| 836| 46 
548 Cromwell Pen 1,835] 1,900 
fo 549 42 | Bromide Ord 8 3,950 50 
5 5| 5,994 
y. 551 34 Bromide, McLish Ord 8 5,755] 5,9 x 
a 552 39 Springer Ss 3,160) 3,200] 40 
S 554 37 _| Layton, Viola Pen, Ord Li 3,485] 3,623] 138 
> 555 Tulip Creek Ord s 3,110 10 
«+556 37 | Bromide, McLish Ord 
557 26 Preston, Arbuckle Ord, Cam srl s4ol 3 
/ 558 26 Stray sand we 5 5 
_ 559 26 retaceous, Trinity 
e 560 40 Bilbo, Arbuckle Ord, Cam iS} 402 
4a 27 Boggy, Senora Pen iS] 1,790) 1,795) 5 
563 30 Allen : 
564 36 Boggy, Hunton, Viola or Sil-Dev, 
565 35 Senora, Hunton, Viola, Simp-| Pen, Sil-Dev, | 8, L F 
son Ord 
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TABLE 1.—(Continued) 


OIL AND GAS DEVELOPMENT IN OKLAHOMA IN 1943 


Oil-pro- 
Nea duction 
Proved,|Total Oil Production, Bbl. | Number of Oil and/or Gas Wells pee 
Acres? 1943 
Year of During Number 
Field, County Discov- 1943 End of 1943 of Wells 
ery 
‘ To End During ° 
3 Oil | of 1943 1943 | == lB 
Q ne = Zz ole z wo oo 
g z3| 3 |s/8al-6 [3 [els 
ae = |x | 3 53o0].8 =) 
fe ge] 2 |Slg2| Be [88/5] Se 
E 83! 8 Bls4] Eo |Eo/e| 24 
566| Conservation, Pontotoc......... 1927 285 551,173 20,805 13 13 
BOT| Ritts, Pontotoc ny. cr iere<iv.2)- 5-1-1 la 1933 5,955) 98,485,594 2,371,935| 989 639 639 
568 North, Pontotoc............ 1934 150 586,172 23,376 15 15 
569 South, Pontotoc......:..... 1937 205 543,414 53,982 22 22 
570 West, Pontotoc. .5~....-. 1937 175 516,960 48,173 11 ll 
571) Francis, Pontotoc.............. 1918 60 x one 1 1 
572 West, Pontotoc............ 1917 60 z 5,110 7 “i 
5731 Jesse, Pontotoc, .0.62- 40. +s ine 1935 1,235 6,235,286 617,931 56 56 a 
574] Oakman, Pontotoc.............. 1935 80 29,750 1,098 5 5 
575| Roper, Pontotoc: ..-. 20... --0-- 1942 190 110,776 89,956 6 6 
576| Steedman, Pontotoc............ 1920 50 23,310 None a 1 
577 North, Pontotoc............ 1928 305 1,807,487 74,460 13 13 
578] Miscellaneous, Pontotoc......... 50 7,344, None 
579 Aggregate for district of 
pools marked z.......... 241,382 
580 Total Southeastern Okla- 
hom gece asi Seeesblercte 20,810) 151,411,011! 10,673,801 1,704 
SouUTHWESTERN OKLAHOMA 
| 
581| Sayre, Beckham............... 1923 304,519 Abandoned 
582 Apache, Caddo: Hoses ane 1941 1,000 4,226,993 2,303,185 29 2 28 1 
583} Binger, Caddo: ..5.-.-........8 1934 80 86,749 one 1 1 
584) Cement, Caddo................ 1917 4,505} 28,733,982) . 2,575,451] 501| 14 1 
585} Miscellaneous, Caddo........... 6,565} None Abandon 
$86) :Eidil Cox.) Carter. see orin okt 1925 770 885,409 76,650 42 
687 Roxy Carters, teamed ea sees 1917-35 1,100 15,152,679 258,785 94 
§88|.-Graham, Carter. ...2.......... 1917 2,990 27,068,772 317,915 255 
589| Healdton, Carter... 1913 7,550| 195,988,994! 2,613,583) 2,365 4 1,876 
590| Hewitt, Carter 1919 4,530} 98,205,806} 2,368,096) 1,103 2 906 
591| Sholem Alechem, Carter........ 1923 4,760} 39,511,873 793,174) 401 304 
92] Tatum, Carleres. =< en or acee< 1927 2,660) 17,349,214 605,236) 247 209 
503) "Dussys\ Carter, 0. nesses, cee oe 1933 1,340 6,307,503 868,304 7 111 
594] Wheeler, Carter................ 1916 755 z 10,220 37 
595} Wildcat Jim, Carter............ 1914 1,235 z 512,095 2 87 
596) Miscellaneous, Carter........... 40 2,257 459 4 
597] Fort Sill Reservation, Comanche.| 1943 160 46,024 46,024, 16) 16 10 
598] Hanbury, Comanche............ 1920 280 z 2,190 5 
599} Lawton, Comanche... 1915 960 = 2,555 1 94 
600| Walters, Cotion.... 1917 3,790} 25,976,274 258,785 218 
601| Robberson, Garvin. Mi 1921 2,410 15,777,199 287,672] 328 166 
602 Knox, GAGS. © bs tican rie es oo 1924 1,990 16,041,876 490,855} 272) 3 178 
603] Miscellaneous, Grady........... 1923 40 & 4,015 1 
604 Altus, I GCKSON tacatcacviem <r 1934 1,740 1,946,796 172,322 4 114 
605] Tipton, Jackson............... 1935 880 1,972,866 132,230 1 57 
606| Oscar, Jefferson.............0.. 1924 685} =: 11,016,538 383,980 191 
607 Seay, Wafereonine ia Pern eee. 1924 325 559,475 15,330 2 42 
608 Spring, VGH ORION. 0. ccs oie 1924 265 z 148,555 38 
609] Hobart, Kiowa................ 1939 500 1,420,731 70,668 23 
610) Stockton, Love................. 1937 40 64,462 7,337 1 
611} Comanche, Stephens............ 1918 925) 10,694,746 139,795 143 
612} Cruce, Stephens................ 1926 100 z 5,840 3 
613] Doyle, Stephens............... 1921-37 315 z 247,105 6 38 
614] 1 West, Stephens............ 1939 100 155,252 28,711 3 
615] Duncan: North, Stephens....... 1920 4,483,108 127,020 79 
616 West, Stephens............ 1919 6,103,932 103,660 74 
617| Empire, Stephens.............. x 632,545 266 
618] Loco, Stephens................. 1,623,771 50,370 64 
619 West, Stephens............ 189,182 35 
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TABLE 1.—(Continued) 
Character 
c i “ Deepest Zone Tested 
E of Oil Producing Formation te Rnd of 1943 
S 
2 Depth, 
2 Avg. Ft. 
8 | Gravity : 
eS a at Z 
oo 60°F., Name A ’ a) 
2 | = | Weighted i : el Sth pages ie 
Z| Average $ i Sulene le Se) § sk 
& s “DB Rio i.e ey ac 
S| 8 2 | 2] a8 [Ze ls2l & Ec 
CR Mell Sea lteaah Wee yl eaten ae A 
566 30 Boggy, Hunton Pen, Sil-Dev Wilcox 3,062 
567 39 Various Pen, Sil-Dev,| 5, L 
. Ord 
568 32 McAlester, Gilcrease Pen 8 1,767 z| 2 
569 35 Gilcrease, Hunton, Viola ~ Sil-Dev, | 5, L 
570 39 Cromwell Pen $ 3,021) 3,110} 89 
571 26 Allen, Senora Pen 1,200} 2,000 
572 27 len, Senora Pen 
573 40 Hunton, McLish Sil-Dev, Ord | L,S 
574 29 | Boggy Pen Ss 1,160} 1,169] 9 
575 38 Viola Ord L 2,531 41 
576 31 Boggy Pen 
~ 543 31 Boggy | Pen 
578 Hunton | Sil-Dev L 
579 
580 
SouTHWESTERN OKLAHOMA 
581 Deese Pen s Por z 
582 Simpson Ord 3,395) 3,430 
583 Deese Pen 
584 Various Per, Pen 8 1,900) 1,600 
585 Miscel, Caddo 
586 Pontotoc, Deese en 1,250) 2,910} 30 
el ——- Simpson, Oil Creek | Pen, Ord 3 eet 2,200) 2,500 ; Doria tales 
en 7 ornic. ly 
589 Various Pen, Ord Ss, L 920) 3,500 AF | Arbuckle x 
590 Hewitt, Viola Pen, Ord S {15-20 920) 2,700 AF | Arbuckle z 
591 29 aceage iota sex ea 4 7, 1,890} 4,000 an A 
592 27 Deese, Arbuckle en, 
593 23 Deese Pen 8 Por z| A 
594 20 Pontotoc Pen 8 e2 A 
595 = Pontotoc, Deese Pen 1,552) 2,890 
596 
597 36 Permian Per 8 790| 943] 153 
598 38 Various Pen Gw,S 1,640) 2,100 
599 30 
600 34 Cisco, Hoxbar 2,100) 2,400 
totoc, Pen, Ord 8, L z 1,200} 1,900 A 
802 33 eee —— Pen § |15-20| 1,700] 2,200) 15} AF 8,963 
Pontotoc Pen 
toe 41 Grats wash roe i Por i - D 
808 33 meee ees Pen $ 1,180) 1,610| 25 
808 35 i oT oH 2095|2,101| 6 
60: Ox ’ 
609 35 Pontotoc, Conglomerate Pen L ie nes a 
610 36 Unidentified 5 6,89 eae 
611 34 Stray, Wilson, Pace 8 1,400) 1, 
30 Upper Penn Pen 5 800} 1,900 
30 Permian, Hoxbar, Deese 1,100 an te 
42 Deese Pen s 5,578] 5,61 
36 omas E 1,700) 2,300 
ae ale 
4 ‘Scatkor Deese Pen 8 850 nee 
34 Sandy Lime 1,113} 1, 
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which is a well-known geological feature, 
and brought into play the most intensive 
and concentrated geophysical activity 
that the state has ever witnessed. 

Other of the more important discoveries 
are the Big Bend pool, Osage County; 
West Burnett, Pottawatomie County; 
North McLoud, Lincoln County; and, the 
Horns Corner pool, Hughes. County. 
The Big Bend pool, at the close of the year, 
had four producing oil wells with an ac- 
cumulated production of 104,705 bbl. of 41° 
gravity oil. Production is from the Layton 
sand at 2850 ft. West Burnett, a December 
discovery in sec. 19, 8 N., 2 E., was com- 
pleted for an initial production of 350 bbl. 
in the second Wilcox sand at 6250 ft.; 
North McLoud, an April discovery in sec. 
10, 12N., 2 E., had three producing wells at 
the end of the year, with an accumulated 
production of 35,600 bbl. of 37° gravity oil 
from the Wilcox sand at 5640 ft.; and 
Horns Corner had five producing wells with 
a total production of 156,000 bbl. of 37° 
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gravity crude from the Cromwell sand at 
3880 feet. 

New producing horizons developed in 
pre-1943 discovered pools were as follows: 
Burgess sand in the Slick pool, Creek 
County; Medrano and Pennsylvanian sand 
in the Cement pool, Caddo County; Oil 
Creek in the Cumberland pool, Marshall 
County; Canyon Creek sand in the Freder- 
ick pool, Tillman County; Prue sand in the 
Hickory Grove pool, Creek County; Earls- 
boro sand in the Romulus pool, Potta- 
watomie County; the Skinner sand in the 
East Sporn pool, Lincoln County; Hunton 
lime in the Sylvian pool, Seminole County; 
Bartlesville sand in the East Watchorn 
pool, Pawnee County; and the Gilcrease 
sand in the Wewoka pool in Seminole 
County. 

During 10943, water-flood operations 
were limited to expansion of existing floods 
concentrated in Rogers, Wagoner and 


Nowata Counties, in the northeastern_ 


shallow areas. 


TABLE 1.—(Continued) 


Oil-pro- 
Area ; : duction 
Proved ,|Total Oil Production, Bbl. | Number of Oil and/or Gas Wells | Methods, 
Acres? End of 
1943 
Year of i 
. E Durin Number 
Field, County Discoy- & End of 1943 
ae 1943 of Wells 
es é To End During 
8 Oil | of 1943 1943 | 2S wl2e 
g SS) 1S. She Elen) hes 
Sr 20 eh Aa a r= = 
= ge] 2 slsals fs.)8| 3 
3 Seg a lsresi se. hse = cele 
sg as B |s|8a| Be (Sei 8 HE | 
= 3S]! 8 [2|64| &° [ES] | Ba 
620] Milroy: Deep, Stephens......... 1937-39 80 641,922 105,460 1 1 
621 hallow, Stephens....... 1916 800 3,558,726 100,375 142 142 
622) Palacine, Stephens............. 1929 120 194,935 13,140 3 3 
623] Rainola, Stephens....... 1921 150 26,280 18 18 
624] Velma, Stephens............... 1917-41 4,110 7,161,586 604,075 23 664 664 
625 North, Stephens........... 1942 40 13,722 9,077 1 1 
626] Woolsey, Stephens............. 1922 170 z 20,440 3 yy 17 
627) _ South, Stephens .......... 1942 60 86,056 45,517 8 8 
628 Miscellaneous, Stephens. .¢...... 140 77,414 23,157 11 il 
629] Frederick, Tillman............. 1937 100 37,097 5,563 1 3 3 
630 West, Tillman tp eth eae s 1937-89 300 3,094,544 354,354 29 29 
631| Red River Bed, Tillman........ 1920 500 x 99,280 1 80 80 
632] Sentinal, West, Washita....... 1943 200 1,222 1993) 1] 1 1 1 
633 puutent al district of ; 
pools marked #.......... 41,966, 
634 Total Southwestern Okla- pee 
COIR ote ee inig seed 61,325} 588,737,727] 18,237,538 
635) Total Oklahoma............... 797,814) 5,188,465,983| 121,430,513 
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DEMAND FOR CRUDE 


Demand for crude was strong through- 
out the year. Because of a decline in 
production, many local refiners were con- 
stantly on the alert for sufficient crude to 


maintain economic operation. 


ImpeorTANT DEVELOPMENT 
IN Poors DIscOVERED PRIOR TO 1943 


Crescent.—Completions in the Crescent 


2 pool total 7. Of these, six are oil wells with 


. 


af | 


- 


an average initial of 220 bbl. and one a dry 
hole. At the end of the year 50 wells pro- 
ducing from the Wilcox and Layton forma- 
tions averaged 2100 bbl. daily. The daily 
average for the entire year was 2086 bbl. 
and the accumulated production to Jan. 1, 
1944 amounted to 14,965,000 barrels. 

Oklahoma City—In the Oklahoma City 
pool, a 1928 discovery and the state’s most 
prolific field, six oil wells with an average 
initial production of 187 bbl. and one dry 


_ hole were drilled. During 1943 the pool 


Ney OF 


ae 3 et, 
5 cs 5 


aS, Pai 


produced 20,224,000 bbl., or 16.7 per cent 
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of the state’s total. The pool’s cumulative 
recovery to Jan. 1, 1944 of 602,676,000 bbl. 
represents 11.6 per cent of the entire state’s 
cumulative production. At the close of the 
year production was averaging 48,500 bbl. 
from 839 wells. While production in this 
pool has come from several zones, 80 per 
cent of the current production and 74.3 
per cent of the pool’s total recovery is from 
the Wilcox sand. Production averaged 
55,409 bbl. daily during the year, a decline 
of 16,673 bbl. (23.1 per cent) from the 
preceding years average. 

East W atchorn.—Six oil wells were added 
to the East Watchorn pool with an aver- 
age initial of 324 bbl., and one gas well 
with an initial of 6,500,000 cu. ft. At the 
close of the year 22 wells were averaging 
2400 bbl. daily and the accumulated pro- 
duction to Jan. 1, 1944, amounted to 
1,456,500 bbl. This pool is believed to be 
fully developed. Production is from the 
Wilcox and Bartlesville sands at 3930 and 
3550 ft., respectively. - 


TABLE 1.—(Continued) 
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mies ope Producing Formation Bo ee 
8 Depth, 
3 Avg. Ft. 
B| cer, 
Al og wn 
3B | & | Gor. Name Age 2 E Name 
El ie by 8 13 “e 32 2 sti 
5 2 erage 3 z & P Ee & 3 Ee a3 
= a Se |e 
a\2 é | £| eS [aA B-| 2 ae 
620 42 Hunton, Oil Creek aoa! 7,554] 7,625) 71 
621 26 Pontotoc en 
622 36 Aer — Arbuckle Sac Ord 
623 36 mith, Brown A en 
624 26 Permian, Glenn, Bromide Per, Pen, Ord Oe 
625 43 | Bromide a 7,000 
? enn ,’ 
27 ‘ea ‘Shack’ Sees 1,783 22 
628 36 Deese en 
629 39 Canyon, Strawn Ord ets en a 
37 1 1 
ot 39 Cisco 1,540] 1,700} 19 Ser 
632 34 Granite Wash Pen 5,444/ 6,591) 33 H 


‘ 


OIL AND GAS DEVELOPMENT IN OKLAHOMA IN 1943 


448 


een 


eee “+ eZorT 
“"**"TOLTeUnty) 
Terese UTATBE) 
ees parse A 
verses TTATeD) 
+++ gamsnAO, 
“**"pueleaey) 


**  UIATBr) 


Sains F19) 


*gjourm1ag 
* a1UI0}BME}40T 
eet oppes 
“ eul0yeyyO 
** ueUlyty, 
*** *98RSQ) 
7" Maad9 
sees ss UTOoUrT 


 aTULOJEMBI}OT 
“aTUI0JEMEIOg 


pereseer stot 
“++ aqUBULO_, 


Ayunog 


uA[I0 yy 20 were | 088° |MZT | NZ 
/ pouopueqe pus AIq “TL | ‘psses Auog |uermeg pus uermearssuueg | #zg'¢ |MT | NOS 
“93 96FE 04 POPE “PS AMO Oot spent |) roedatil| “mutes Pe Meee liters ee aioe 
peuopueqe pus A1q uoseny uosdunig uvtmieg | 9929 |MZ | NST 
33 L699 04 1899 (888) oTftAse]}1eq aang opyonqry uetueayAsuueg | 08z'9 | a8 | N¢ 
43 OSLF 09 OLOF (828) ‘sy “uUOg ono opjonqry uviueaAsuueg | Ogee | GZ | NE 
9) 0262 4 188% (S83) uermIeg jeseg yin) RIOIA, uvtuealssuueg | pTL‘6 |MLT | N8 
pouopuege pur A ne eae vasuwog | fore [as | Net 
F j oMUIOL weruvayAsuuog | 709'e 
“93 HOSE 9 SEE TleMMOND | Ozz logs | anF's Oren en eae uremmeafasouod | go1'% |r | NE 
Pnopuede pee Sac] OG yooy dea uosdung |uemespAsuueg pue uerog | ¢09'9 [MT | NOT 
“3Y 1299 04 8659 e4WIOJOp Uosdung 5¢ 5 Den “nig BEE “use| © uermeg | O10'9 [Mee | N6 
pouopueqe pus AI 19 oor daacq yeaur019 uerueayAsuueg | ¢gg‘e | AOL | NZ 
AJ 8883S 0} GLE “poad fjemuoayy @ puljoug opjonqry uetueajésuuog | #2T'9 | 16 | NE 
"13 069E 07 8198 Pure FOGE 04 F2gE (Se) “posd [JoMuTOID epesoury PIOLA uvroneg |] 966'0. |ME& | NI 
pouopueqe pue £1] ‘out “prg W108 y}IO NN uosdunig ueruealAsuueg | $1Z'p | AL | Nel 
"33 960F 03 600% (Se3) uoyUNF purjounyg u0}UOd J, ; appnqry | 6r6'F |MIT | S¢ 
peuopueqe pus AIq ‘ouy “pig WeqIIO Ny ‘uuad uemmiog | e1g'9 |Me | NOT 
pouopueqe pus Aig sayy Aouny) ueruearAsuuag | 262'9 | A9T | N8 
peuopueqe pue Aig To uhpioyy uosdang ueruealAsuuag | O19‘ | AL | NOT 
“Hy S8TY OF S8Ty mojonH a u s00SlIg, P [IH uosdunig uvrmmeg | G69 | AZ | N6 
pouopuvgs pue Aig * speuoury uosdurig uvimog | oze's |MOr | NO 
peuopueqe pue AIq ty Ayemoqny “y uosdurig uermeg | 069° |MP | NFT 
93.9969 09 8869 UoyUNF, “i 989 110 wALoyy opjonqay uvimeg | gt9'p |MLI | 9Z 
“4 9692 04 19% Avg an gueqdqo pv] omy “sy uvruueg | 098 | Ae | N& 
"14 SL8Z 09 088G WoRAET] Jomo 4 Hag "09 [IO ung “asad uermueg | o1e'e | HL | NPT 
“VJ SEL1Z 04 OFLZ PUBS ONIG , ine purjouryg uosdunig uBiMog pue uemes[Asuueg 1p9'S G14 NGI 
“43 TH9G 04 GEOG XOOTLM GlZ 82 ysanyy "| “HY uosduig | ° uvimuog pue uniuanyy | 9¢6'r |MI | N&@ 
(QMO) Pewopuvqs pus Atcy 008 oyueyy uosdung |uvrmog pues ueruealAsuueg | 1¢z'¢ [MZ | NIZ 
“4 F908 0} OGOG Jouosipy 01 sowedng uosdung |uvimeg pue ueroealAsuuag | 699'F | AL | N@s 
(G@aMO) “4 BF acura pee tee s1orH-oxINg uosduig | uniantTy | 196‘F ot ce 
* dung welled | Z21'T 
(s¥8) uoronpoid weraeg oO aa see uRIMeg pue uerueatAsuueg | gcl'h | Ap | NOT 
te see ripen ta Ne cg Pit eons conan wention a evmeatfeanis geg'¢ 4 nae 
‘ pt ung |ueimeg pus uviuealAsuueg | oge'G 
“NJ SSBF OF LL8G “PS XOOTTAA 9ST | OGL |OTS'T| 81% L¥8 Bs pa | sta ee Dee oes ales coe lar | Ne 
pouopueqe pus AIq 209M “HI uosdung |wermog pue uermvayésuueg | 69p'7 | Az | NIZ 
peuopueqe pus ad 00 "YP 'O WduEYG uosduig | uerneg | ogc’, |M9 | NIZ 
Tepevaede ae ie ‘09 *polg StMorT uosduntg |uvrmmog pue weiwealésuuag me mi re 
: 3 : 1 uosdung ueroueg | oF‘ 

4} OOLPF 0} POOF “S| UoyUNG | CL 456 908 |. di09 * ner ae meh eee S667 | Ge | N8 
eomea & ae 09 TIO suing uosdunig snovowjoa) | $92'¢ | AOI | Se 
pauopueqe pue Aq “0D sexe], SPougTY, wermnieg | 18h | MIT | NV 

Sut | 3ut “48 oBy |'day, 
qny, | “88D yout jo} -g ‘0 paisoy, ante 
uonoery | TIO ‘Av qT w01jeuLI0 uoyeULIO, eovjing 
syivUley face mm ton Aq Potted Se ‘ : [830.1 
“uy bg 10 ayoyp| -onposy w01yB00T 
Sea T remtuy 


CVOL Ut paytad SIDIPILM JUDJ4oduJ—z ATAV, 


449 


SLOAN 


RAYMOND D. 


‘se “yj NO JW OOO'TT 1 


SS 


se rseeess sone ‘paqardui0g seo Aig] jo Joqunyy 


SyVOpPTLM | Splat WAorg ul 


ee 


"4 16E9 04 SZF9 PUL ZIG OF FOSS Ysem op1UeIyy 
"43 SLOSP 04 O6SF XOOTIM puooeg 
4} OLLP 04 9GLF WOpsOT 

“4j ggg 04 Epgg UOJUNT 

4} 1SZ9 04 THO XOOTLM Puoveg 
4} 0088 4 L8L8 XOOTLM puooeg 
peuopuege pue Aid, 

“43 99LE 97 OGLE AoUEsTW, 
pauopuege pus Aid, 

pouopueqe pus u(y 

peuopueqe pus Alc] 

4} PIP OF HOEF S80dING 
peuopueqe pus Aq 

peuopueqe pus Alcy 


4) PILL OF T69T (883) “Uo 
peuopueqe pus Aid] 
pouopueqe puv Ad 

"43 20ZE 04 OOTE Jodutadg 
peuopueqe pue Asc 


sqreUIOY 


ore 
“489 976 
6F 
Ww 
8 Ose 
4969-196 /14 E-BPS 
0g¢ |0¢8 y Tee 
tI 
I 
G9 
aur | But 144 
ram | FO | gour yo | “gf 
nOloRly wile) ‘keg 
pie ‘uvog | sod uo1y 
UE “DS |40 ax049} ~onporg 
dod “q'T yerjuy 
‘amssolg Wt 


Puta) 
yp) 

Huts) 

purjouryg 

puijouryg 

“dI09 “199d “4U0D-PLAL 
‘ouy “psOC W19q}10 
arqsory) “gt “f 
poojqaunox °g “I 

‘ou pA, WIOYIION 
“oul “pag, W19q4.10 
[(epsureg 

[ejueuyU0D 

OBI g ALBOUIg 


puvpseQow “HL 
“dog “149g “GUOD-PI 
*O() 8UXOT, 

“09 1 o8pnW 

*[8 49 "K) W ‘OC sos OUR 


4q pasa 


apyponqiy 
uosdunig 
uosduntg 
uosduntg 
uosdung 
uosdung 
uosdunig 
BOL 
uosduig 
uosdung 
uosdung 
uosdunig 
Aousy) 
uosdung 
uviUeA 

-|Asaueg 
uosdung 
uosdug 
Aoury 
uosduig 


poyso], 
WO} eULLO YT 
ysodooq 


SOOOP OGL 75 4 ‘paqajda0g) ST]OM SBx) JO JoquIn 
“so epeT *payafdurog ST]9M\ TO Jo Tequiny, 
so eesssseney Joquie0ad, ‘Sur Ste JO Jequinyy 


UWelUIIIT 
uvIMJeg pus uBtUBAlAsUUeT 
AIBUIOZEN?) 

ULIMIOg PU UBIUBATASUUOT 
uBIMeg 

uve 

uvrmealAsaueg 

ueimieg pus uvtusalAsuuog 
UBIOLIOg 

UvIELeg pus UBTUBA]ASUUOT 
ACUIOYVN?) 

UBIMeg pus uBTUBA|ASUUOT 
wees Asuuo dg 

uviMog pus ueruvalAsuUEg 


uviueayAsuuog 

snoooezody) 

SN090B401/) 

uviuealAsuueg: 

uviMeg pus weravalAsuuog 


UOYBUIIO,T 9OBjING 


1166 |M0Z 
34L6S'F | 
oge'o |AE 
4gs’¢ | AT 
192'9 | AZ 
008'8 | ME 
9es'h | AIT 
9211'S | OP 
099'8 | MF 
68h | MG 
£2001) MALT 
62r'F | AT 
gogo | Ab 
6eT'S |MT 
STL'T (Mg 
000'9 | AZ 


N8 | 8 VVIGSe AA 
NI@| IT |°°*°*** “®I9GON 
NLT| @@. [toot aeaOT 
N&T| 6 {°° “8aI0qsTy¥O 
NS | 61 | eTmTO;BAEyOg 
NOT | 63 [°° °° Puspeas[D 
NS | oe [ooo seq@ngy 
Not | eg |oc couse 
NIT] 2 [°° °  8m0qepIO 
N82 | 72 |" “SIGON 
NZ | 82 |° °° “pxBApoo 
N@Z | @o [°° °° ** 8IGON 
N@ | 8 |" “7800, 
NZ] 6 |°°***** SIGON 
NT | 0g |°°** ‘suoqdayg 
99 | #e [occ ear 


Ayunog 


w01y800T 


ee ee ee ee TL EEL ee ae ee ie a 


(panuyuoy)—t% ATE, 


450 


Cement.—An outstanding discovery of 
production in new horizons in old pools is 
that of the Medrano sand development in 
the Cement pool, Caddo County. Dis- 
covered in February, 13 oil wells had been 
completed at the end of the year, with an 
accumulated production of approximately 
423,000 bbl. The Medrano sand is en- 
countered at approximately 5700 ft. and 
the 13 wells were producing 2500 bbl. daily, 
an average of 192 bbl. per well at the close 
of the year. 

Cumberland.—In the Cumberland pool, 
a new source of production was established 
in the Oil Creek sand. This lower Simpson 
pay no doubt will add materially to the re- 
serves of the pool. Twenty-seven oil wells 
with an average initial production of 
1487 bbl. and three dry holes were added 
to the Cumberland pool during 1943. At 
the end of the year the pool had 87 wells 
producing a total of 12,200 bbl. daily under 
restricted production. Total 1943 produc- 
tion amounted to 3,758,000 bbl. and the 
total cumulated production to Jan. 1, 1944, 
amounted to 9,290,000 barrels. 

To prevent the Cumberland pool from 
being inundated by impounded waters 
upon completion of the Denison Dam 
project, the Federal Government has spent 
several million dollars on a system of dikes 
and channels. Excavation of two large 
channels to protect the Cumberland field 
from the Washita River arm of the Denison 
Dam reservoir has been finished. Construc- 
tion work still is in progress on three dikes, 
which will block off the Washita River and 
will crest at the 646-ft. elevation. 

Pauls Valley.—Largely owing to modi- 
fication of the 4o-acre Federal Well Spac- 
ing Order M-68 to permit 20-acre spacing, 
the Pauls Valley pool, Garvin County, 
shared in the state’s 1943 development to 
the extent of 43 oil wells, with an average 
initial of 1784 bbl., and two dry holes. At 
the close of the year there were 58 wells at 
Pauls Valley, producing 10,000 bbl. daily 
under production restrictions of state 
authorities. Total production for the year 
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amounted to 1,989,000 bbl. and total pro- 
duction from April 1942, the date of 
discovery, to Jan. 1, 1944, amounted to 
2,793,000 barrels. 

Velma.—In the Velma pool, Stephens 
County, discovered in 1917, 21 wells were 
completed with an average initial of 113 
bbl.; two gas wells, with a combined initial 
of 2,380,000 cu. ft., and 15 dry holes. Four 
wells were reconditioned, of which three 


were oil wells with a total initial of 46 bbl.’ 


and one was a gas well with an initial of 
2,000,000 cu. ft. This development was in- 
fluenced by discovery of production in the 
Simpson zone. The Velma pool produced 
604,000 bbl. of oil during 1943, with an 
accumulated total to the end of the year of 
7,162,000 bbl. The pool’s 664 wells were 
producing 1750 bbl. at the close of the year. 


NATURAL GAS 


Gas production activities were in the 
main confined to three areas: Hugoton, 
in the northwest sector; Chickasha, in the 
south central; and the Citra-Centrahoma 
area, in the southeast. At the end of the 
year, there were 87 wells in the Oklahoma 
portion of the Tri-State Hugoton pool, 26 


of which were drilled during the year with 


an average initial of 20,800,000 cu. ft. 
Development in Chickasha and southeast 
Oklahoma was not outstanding and only a 
few wells were drilled. 


REFINERY OPERATIONS - 


Outstanding refinery developments dur- 
ing the year included the construction of a 
high-octane plant by the Continental Oil 
Co. at Ponca City, having a daily capacity 
of 5000 bbl., and a large unit at Duncan, 
which is to be operated jointly by several 
state refiners. Based on yearly estimates, 
the state’s refinery throughput suffered a 
decrease of 6.4 per cent from the preceding 
year, having run to stills 162,000 bbl. daily, 
compared with 173,000 in 1942. The de- 
crease reflects declining production in the 
state and the consignment of Oklahoma 
crude to out-of-state refineries as a result 
of the war effort. 


Oil and Gas Development in Northern and Central Pennsylvania 
during 1943 


THE area producing Pennsylvania-grade 
crude oil declined sharply in 1943, with a 
daily average production in the entire area 
of 71,056 bbl. as against a daily average in 
1942 of 77,786. The total decline in the 
Pennsylvania-grade area amounted to 
2,456,311 bbl., and 1,981,271 bbl. of this 
_ occurred within the state of Pennsylvania. 


By Artuur C. Smmons,* Memser A.I.M.E. 


‘ 


comparison of the production in the two 
districts within the state of Pennsylvania. 
It is interesting to note that the Bradford 
field produced approximately half the total 
quantity of Pennsylvania grade but ac- 
counted for nearly three-fourths of the 
decline in production from the previous 
year. It is believed that this decline is 


TABLE 1.—Production of Pennsylvania Grade in 1943 


DatLy AVERAGE PRODUCTION, BARRELS 


ua SSS. 


a! | -Bradford Field 
- ’ 
‘ Southern West 
Month | Allegany| Pennsyl-| Ohio | Virginia Total 
| Pennsyl-| New vania 
| vania | York 
| | 
Bee JANUATY........--. 02 essen eee eee ee eens 35,112 | 3,392 9,954 8,832 4,001 9,548 70,839 
IIHR UME e elem ao nts ale ees bie. 6,2 oe o's of 35,333 3,406 10,288 8,760 4,286 9,321 71,394 
3,606 | 10,917 9,504 4,678 | *9,516 | 74,581 
i 3,492 | 10,627 9,232 4,566 9,500 | 73,233 
3.445 | 10,374 | 9,595 | 4.549 | 8774 | 71,355 
a 3,584 | 10,894 9,818 4,801 9,933 | 74,867 
ie 3,465 | 10,568 9,434 4,668 9,064 | 71,700 
” 3.360 | 10,431 | 8,985 | 4,990 | 8,968 | 70,701 
( 5 3,406 10,621 9,507 4,966 9,134 71,200 
2 Role Se a en ee |) 32,235 3,206 9,746 9,106 4,739 8,968 | 66,900 
DE CRPESIIIOL. . Ciicc dies on <oi8 wie eine Seon ts | 31,997 3,237 10,064 9,728 4,053 8,305 67,394 
veRIMTIL aicl tote Fe As a oe ce aa ees EE ae be 3,088 | 10,146 ‘9,129 4,022 8,205 | 65,706 
Daily average..-...-.----- eee rere eee 34,100 3,391 10,385 9,304 4,528 9,105 | 71,056 
OS Ec eel 
‘ The principal decline occurred in the occasioned by restrictive price ceilings and 
" Bradford field, where it was caused a lack of adequate manpower to drill the 
- primarily by a drastic reduction in well necessary wells to maintain production. 
~ completions. 
- All of the zones in the Pennsylvania- STOCKS OF PENNSYLVANIA GRADE 
grade producing area showed a decline At the beginning of 1942, ctackewat 
except the part of Pe “ee peodsices St Pennsylvania-grade crude totaled 3,196,000 
; grade, where production increased very bbl. and at the beginning of 1943 they 
g slightly over 1942. Table 1 shows the aver- ; otaled 2,626,000 bbl. At the end of 1943 
é , j 
Be 2ge daily production by months for the the stocks of Pennsylvania-grade crude had 
several districts of the area. Table 2 is a declined to 1,952,000 bbl. The ANaiianie 
F F ave been almost completel 
y Manuscript received at the office of the crude stocks h PB “ 
Institute Feb. 23, 1044. = aed consumed, as nearly all of the present crude 
am * Consulting Petroleum Engineer, Bradtord, A 5 A eh 
SF ; ilable’”’ and required for 
_- Pennsylvania. stocks are “unavailab q 
F “i 
= 45] 
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the maintenance of tank farms, pipe lines 
and refinery operations. The lack of avail- 
able stocks of crude oil is confirmed in that 
the largest buyer on June 1, 1943, restricted 


by the entire petroleum industry in the 
experimental mine, or horizontal well, near 
Franklin, Pennsylvania. During 1943 the 


Mateo ae a — 


shaft was completed to the bottom of the — 


TABLE 2.—Oil Production in the State of Pennsylvania 


nd Southern : 
Bradford Field Bre ae ae State of Pennsylvania 
Oil Pro- Oil Pro- Oil Pro- 
vee Change | duction, Change duction, Change duction, Change 
pleted¢ Bbl.2 Bbl. bl. 
15,076,909 4,108,100 19,185,109 
| 13,417,102] —1,659,807| 4,008,923 | — 99,177 | 17,426,025] —1,758,894 
12,899,104] — 517,998] 4,438,035 | +429,112 | 17,337,139]|— 88,886 
12,748,279] — 150,825] 4,004,763 | +166,728 | 17,353,042/+  15,903° 
12,729,900] — 18,379] 4,104,100 | —500,663 | 16,834,000}— 519,042 
I4,160,000| +1,430,100] 3,663,870 | —440,230 | 17,823,870|+ 989,870 
12,446,634] —1,713,366] 3,395,965 | —267,905 | 15,842,599] — 1,981,271 
41,300 11,255 52,555 
36,759 — 4,541 10,983 =e 47,742 — 4,813 
35,340 — 1,419 12,159 +1,176 47,499 et ATe 
34,831 509 12,581 + 422 47,412 ae ate te 
34,876 45 11,244 —1,337 46,120 — 1,292 
38,795 +3,919 10,038 — 1,206 48,833 +2,713 
34,100 — 4,695 9,304 == EE: 43,404 — 5,429 


2 Includes oil and water-intake wells and New York state part of Bradford field. 
+ Pennsylvania production only. : : : 
¢ Variance between total production and daily average occasioned by 365-day year in 1939 and 366-day 
year in 1940. 


deliveries to 85 per cent of contract 
amounts and on Jan. 1, 1944, there was an 
additional restriction, which reduced de- 
liveries to 75 per cent of the contract value. 


CRUDE-OIL PRICES 


No changes in prices of crude oil oc- 
curred during 1943 but the average price 
of all crudes in the Pennsylvania-grade 
area was $0.058 higher than in 1942. In 
March 1942 there was an upward adjust- 
ment in prices for Pennsylvania-grade 
crude and no changes have taken place 
since that date. 


New DEVELOPMENTS 


Efforts are being made to water-flood 
other areas in the Pennsylvania-grade 
region but these experiments have not yet 
indicated the desirability of extensive 
developments. 

A great deal of interest has been shown 


oil sand and two horizontal wells were 
extended 2500 ft. in each direction, by 
drilling operations carried on at the bottom 
of the shaft. Both of these wells were shot 
but have not been completely cleaned out 
because of the inability to secure special 
equipment now on order. No conclusions 
can yet be reached regarding the economic 
feasibility of horizontal drilling, although 
it has been definitely proved to be a 
mechanical or constructional success. 

The Pennsylvania. Grade Crude Oil 
Association is properly concerned with the 
declining production in the Pennsylvania- 
grade area and is exerting considerable 
effort to prevent further declines. Addi- 
tional sums have been made available for 
fundamental laboratory research and the 
staff of the association has been enlarged 
for the purpose of applying generally in the 
field the fundamental knowledge gained 
from research efforts. 


pia ave 


Oil and Gas Developments in Southwestern Pennsylvania 
during 1943 


By Joun T. GALEY* 


A COMBINATION of two factors in addition 
to the current Federal drilling and price 
regulations reduced by 120 from 1942 the 
number of new wells completed in south- 
western Pennsylvania during the year. No 
new prospective area was found compara- 
ble to the Armbrust gas pool, Westmore- 
land Co., which accounted for a seventh of 
the last year’s drilling, and it is considered 
doubtful whether, even if such a field had 
been discovered, the drilling contractors, 
who have been seriously affected by the 
manpower shortage, could have drilled 
many more wells than they did during the 
year. 

New wells totaling 445 were completed 


' for a combined footage of over 1,250,000. 
Dry holes numbered 131 and had a 


footage of nearly 400,000. Old wells 


drilled deeper total 55, of which 17 were 


found nonproductive. 


SHALLOW DEVELOPMENT 
Ou 

Oil completions yielded an initial of only 
slightly over one hundred barrels from 21 
wells for about the same per well average 
as that of a year ago. However, 65 bbl. of 
this total came from two wells in two new 
strikes. The footage drilled of nearly 33,000 
gives an average of nearly 100 ft. less per 
well than a year ago. Two old wells drilled 
deeper had a combined initial of only 4 bbl. 
The largest oil well of the year, 40 bbl., 
was found in the Speechley (U. Dev.) sand 
at a depth of 3492 ft. in German township, 


Manuscript received at the office of the 


Fayette County. The location is several 
miles east of the nearest oil production but 
as the area that could be occupied by a 
pool is fairly well delimited by drilling, the 
extent of this production would not appear 
to be large. The other notable oil produc- 
tion was found in the Dunkard (Penna.) 
sand, Cumberland township, Greene 
County, at a depth of 1065 ft. Here the 
first well had an initial of 9 bbl. and the 
second 25 bbl. However, a third proved 
dry, and as this area is also delimited by 
drilling, the pool doubtless will be of 
small area. 


Gas 


Gas completions yielded an initial of 
slightly over one hundred million cubic 
feet per day and new wells, totaling 303, 
account for all but four million of this 
volume. Old wells drilled deeper, num- 
bering 35, found gas. The per well average 
in new drilling of approximately 320 M 
cu. ft. is nearly 165 M cu. ft. less than a 
year ago and the total footage is slightly 
over 830,000, which is about a quarter of a 
million feet less than in 1942. Average rock 
pressure of new completions is approxi- 
mately 365 lb. per sq. in. The entire 
volume of new production is from the 
Upper Devonian or higher stratigraphic 
horizons. 

In Allegheny County, the greatest 
activity was in Forward and Plum town- 
ships. Wells there account for more than 
one half the completions. One large well 
was drilled in Forward township and an 
open flow of 3.623 million cubic feet was 


subtarare Sse B48 ccat ea <i found in an old Gantz (U. Dev.) sand 
i 5 sburgh, 
a See er ge i e area. The top of the sand was encountered 
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at 2205 ft. and the rock pressure was 
525 lb. per sq. in. The only other notable 
completion in this county was made in 
Patton township, where an initial of 
approximately 2 million cubic feet was 
found in the Hundred-foot (U. Dev.) sand 
at a depth of 2163 ft., with a rock pressure 
of 1385 lb. per sq. in., which is abnormally 
high. 


cubic feet with 565 lb. rock pressure at 
1753 ft. Spring Hill township had three 
wells averaging over one million cubic 
feet in the Big Injun (Miss.) sand at a 
depth of approximately 1200 ft. While 
there had been some drilling in this area a 
number of years ago, the rock pressure on 
these wells of 675 lb. indicates a nearly 
virgin reservoir. The greatest activity 


TaBLE 1.—New Wells Drilled for Gas and Oil in Southwestern Pennsylvania during 1943 


Gas Oil Dry Holes 
Total 

‘eer’ | Total | Dsilli 

Initial Initial er ota) rilling 

County Num-| Pro- | Total | Num-| Pro- | Total wae Total | Wells | Footage |12/31/43 

ber of | duc- | Depth, | ber of duc- |Depth, her Depth, | Com- : 

Wells jtion,M| Ft. Wells | tion, Ft. Ft. | pleted 
Cu. Ft. Bbl. 
UppreR DEVONIAN AND SHALLOWER Horizons 
“Ailegheny......... 17 8,082) 45,604 2 6 3,514 6 17,588 25 66,706 I9 
Acmstrong.. 5.) oo: IOI | 13,328] 295,114 (o) (o) oO 9 25,218] 110 320,332 28 
Beavers a aees eda te) (0) ts) 4 4 4,966 I 1,060 5 6,026 I 
Butlers s.s8 cates II 308} 18,462) 101 19 15,8590 Bae) 15,787 31 50,108 8 
Fayéttenta site scce 31 | 11,131] 67,520 I 40 4,210 22 56,065 54 128,605 22 
Greene’. s.sc ete: 44 | 21,337] 127,904 2 34 2,198 24 71,805 7O 202,087 35 
Indiana 25 3,576] 74,461 fe) to) fe) 12 39,827 37 I14,288 I2 
Lawrence......... te) fo) te) fe) fo) oO 2 1,514 2 1,514 0 
Washington....... 312 | 15,105| 73,610 2 4.5, 2,208 7 17,063 40 92,881 20 
Westmoreland..... 43 | 24,233] 128,115 fo) ts) oO 32 108,319, 75 236,434 17 
Totaleerms seis ot 303 | 97,100) 830,880) ar 107.5| 32,055| 125 355,236, 440 1,219,071] 162 
Lower DEvoNIAN AND DEEPER Horizons 

Beavers snk gviea in to) to) fe) ° to) ° I 4,862 I 4,862 I 
Butler : (0) 0 ta) (0) °o to) I 6,680 I 6,680 ° 
Bayettenseperiescre Co) ° ° to) to) fo) 2 15,575 2 15,575 I 
Westmoreland..... (e) °o fo) ° oO fe) 2 17,074 2 17,074 I 
Totaltsaceaad ce: 303 | 97,100) 830,880) ar 107.5) 32,955] 131 | 309,427) 455 1,263,262] 165 


1 Includes one pressure well. 
? Includes two storage wells. 


Armstrong County leads in number of 
completions, most of which were made to 
the Bradford sand. Drilling was scattered 
fairly well over the entire county, but 
South Bend and Wayne townships, with a 
total of 13 each, had the greatest number of 
completions. The best well found was in 
Bethel township, where an open flow of 
1.043 million cubic feet with 625 Ib. rock 
pressure was encountered in the Hundred- 
foot sand at a depth of 1776 feet. 

Two areas in Fayette County had large 
wells. In Luzerne township the Fifty-foot 
(U. Dev.) sand had an initial of 4 million 


took place, as in the past several years, in 
German, Menallen and Nicholson town- 
ships and in Monongahela township, 
Greene County, where the Big Injun 
(Miss.) sand is. still attracting additional 
drilling. Center township, Greene county, 
had the largest number of completions 
but none was of high open flow. In Perry 
township a well making 0.52 million cubic 
feet was found in the Murphy (Penna.) 
sand at 715 ft. Washington township had 
@ 3.252 million cubic foot well in the Fifty- 
foot (U. Dev.) sand with a rock pressure of 
520 lb. at a total depth of 2710 ft., and an 


JOHN T. 


old well deepened in’ Jackson township ’ 


had an open flow of 1.861 million cubic 
feet at 3379 feet. 

Washington County activity was uni- 
formly widespread but only two large 
wells were drilled, each with an initial of 
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Armbrust pool, Hempfield township, West- 
moreland County, where only two wells of 
over one million cubic feet capacity were 
found during the year, has been dampened 
by dry holes, the number of wells drilled 
outside that area is nearly that of a year 


TABLE 2.—Lower Devonian and Deeper Wildcat Drilling Operations in Southwestern 
Pennsylvania during 1943 


/ Depth, Ft. 
a” aS ___| Eleva- 
County Township| Name of Well) tion, Result Remarks 
Ft. Onon- : 
T 
| ully daga Oriskany | Total 
| | —— 
Weaver... ...... Ohio Cunningham| 1,155 4,650! 4,846 4,862 | Salt water. | 4100 S.W. at 4846 ft. 
Zladovich Abandoned 
OSC) oa Economy) National 767 Drilling 
Supply Co. 
Butler..........| Mercer | Hockenberry| 1,306 4,710!) 4,825-4,846 Shut down | Lockport, 5934 to 6184 ft. 
at 6680 ft.| Red Clinton, 6433; 
Neo rer 5621; 
ae eenston, 6636. 
: Westmoreland...| Ligonier | Beck 2,784 None 8,650" 8,847 9,024 | Abandoned | Downthrown side of fault. 
n E 8,6952 Deepest well in state 
Westmoreland...) Derry Giffin No. 1 | pied tir 8,050 | Abandoned | Downthrown side of fault. 
| 7,990-8, Did not reach Onond: 
Westmoreland...| Derry | Giffin No. 2 | 2,261) | Moyite rapes oes 
ee. oars ! 
1 Limestone. 
2 Chert. 


TABLE 3.—Summit (Fayette County) Gas Pool in 1943 


! ; Depth, Ft. 
| Eleva- | 
Township Name of Well | 5 ey / é ae Remarks 
/ £4 non- Ti- 
“ : Tully daga | skany Total 
a / 
*  Wharton....| Indian Creek No.2} 2,674 | 7,555 | 8.2801 | 8,539 | 8,685 | Dry hole. Second deepest 
| 7,085 | 8,312? well in state. Abandoned 
Georges..... Barton No. 4 2,451 6,439 6,985} Shut down. To be drilled 
/ 6,526 7,012 deeper. 1250 M cu. ft. Gas 
4 } : in chert. In drag of fault 
= ‘Georges..... Walters 2,583 | 6,912-7,052| 7,630! 8,115 | 500 M cu. ft. in chert. Blew 
7,6602 down to 59 M cu. ft. Not 
/ | to Oriskany. Abandoned 
_§.Union....} Heyn No. 1 2,316 Drilling deeper, top Silu- 
rian 7150 ft. Sulphur gas, 
- } 150 M cu. ft. 7181 to 
7346 ft. : 
~ §. Union....| Heyn No. 3 2,314 7,460 | Drilled deeper. Did not 
? reach Silurian. No addi- 
) tional gas 
DEN ee eS eee 
1 Limestone. 


2 Chert. 


slightly over 2.7 million cubic feet. One 
__ of these was found in the Big Injun (Miss.) 
x sand at a depth of 1416 ft. and rock pres- 
sure of 450 lb. in Fallowfield township, 
and the other in the Gantz (U.“Dev.) sand 


5 580 lb. in Somerset township. 


oe t> baba Ok a 


at a depth of 2278 ft. and rock pressure of 


While activity in the vicinity of the 


ago. Penn township, with a total of 21, 
leads in number of completed wells, none 
of which, however, were large. 

Bell township had three wells of over 
one million cubic foot initial in several 
sands. A’ North Huntington township well 
had the largest open flow of the year in 
southwestern Pennsylvania, 7.877 million 


con 
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cubic feet, with 430 lb. rock pressure at a 
depth of 2410 ft. in the Hundred-foot 
(U. Dev.) sand. This well has settled to a 
delivery of slightly over o.7 million cubic 
feet of gas into the line. 


DEEP-SAND DEVELOPMENT 


Only three deep-sand (L. Dev.) wildcat 
wells were completed during the year and a 
fourth had to be abandoned after crossing 
over to the downthrown side of a fault 
with 755 ft. displacement. None of these 
wells were productive. One of them, in 
Mercer township, Butler County, was 
drilled primarily as a test of the Medina 
(L. Sil.) sands which were found nonpro- 
ductive, as was the Oriskany (L. Dev.) 
sand and Newburg (M. Sil) horizon. It was 
located a short distance south of the 
southern edge of the Mercer County 
Oriskany no-sand area. A Trenton (M. 
Ord.) limestone or St. Peter (M. Ord.) sand 
test may be made of this well. 

Another Oriskany well in Ohio town- 
ship, Beaver County, found a head of 
4100 ft. of brine 16 ft. in the sand. This 
was several miles down the south flank and 
go ft. lower than production in the South 
Beaver township, Beaver County, Oriskany 
pool. 

The third well completed was situated 
on the Laurel Hill anticline about 214 miles 
from a well drilled several years ago, in 
which good shows of gas accompanied by 
salt water were found in the Onondaga 
chert. Location was made as a result of 
detailed surface geological work, which 
was collaborated by several shallow cable- 
tool holes. However, the well ran nearly 
tooo ft. low because a large fault was 
crossed. No showing was found. This well 
is the second deepest cable-tool hole in the 
Appalachian area. 


Two wildcat wells are drilling in the 


Oriskany (L. Dev.) sand—one on a south- 
plunging nose, where there was formerly 
a good Hundred-foot sand oil pool in 
Economy township, Beaver County, and 
the other on the Chestnut Ridge anticline, 
Derry township, Westmoreland County, 
approximately 1500 ft. southeast of the 
well that was abandoned after the fault 
with 755 ft. displacement had been crossed. 


SuMMIT POOL 


Activity in the Summit (Fayette County) 
pool reached its lowest ebb since its dis- 


covery, and both new wells completed were 


failures. However, a third well is shut 
down in the Onondaga (L. Dev.) chert with 
1.25 million cubic feet of gas showing in 


that horizon. This is structurally the | 


highest well drilled in the southern end of 


the Summit pool. Two wells were deepened; 


one failed to reach the Silurian and was 
dry, and the other is attempting to reach 
the Lockport (M. Sil.) dolomite or Medina 
(L. Sil.) sands. The latter found 150,000 
cu. ft. of slightly sulphurous gas in the 
top of the Silurian at the same horizon at 
which gas was found a number of years 
ago in the deep well west of Ligonier in 
Westmoreland County. 
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Oil and Gas Developments in the Rocky Mountain Region 
during 1943 


By C. E. SHOENFELT* AND Gat F, Moutton,} Mempers A.I.M.E. 


PROVEN and developed oil reserves, and 
productive capacity increased during 1943 
in the fields of the Rocky Mountain region. 
Oil production during the year was nearly 
45 million barrels, or slightly less than in 
1942. The rate of production at the start 
of 1944 was slightly less than at the start 
of 1943. Pipe-line projects scheduled for 
completion during 1944 should permit 

‘a substantial increase in the rate of 
production. 
_ Wildcat exploration was more extensive 
‘in Montana during 1943 than in other 
states in the region. The results of wildcat 
drilling were unsatisfactory, although new 
oil fields were discovered on the Gebo, 
Little Buffalo Basin and Steamboat Butte 
structures of Wyoming, the Gage anticline 
of Montana, and the Clark Lake structure 
* of Colorado. The area of the structures on 
which the discovery wells were drilled is 
known to be considerable, but further 
‘drilling is required to determine the 
importance of these fields. The most 
important increase in proven reserves 
_ resulted from the drilling to newly dis- 
covered deeper producing formations in 
the Elk Basin and other fields of the Big 
Horn Basin area of northern Wyoming. 
- Lack of a market and unfavorable prices 


* Mr. Shoenfelt’s plans to prepare the sum- 
mary of oil and gas developments in the Rocky 
Mountain region could not be carried out 
_ because of illness followed by his death in 
_ April 1944. The junior author has prepared 
the following report from the annual Resume 
of Petroleum Information, Denver, Colorado, 
supplemented by. information from other 
sources. Manuscript received at the office of 
the Institute May 21, 1944. 
 . ¢ Geologist, Chase National Bank, New 
Bevork, N. Y. 
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for heavy black oils had prevented com- 
plete exploration of favorable areas in the 
Rocky Mountain region for many years. 
In particular, the effect on further ex- 
ploitation of the Big Horn Basin area had 
been quite serious. The increased demands 
for all oils created by the war and an 
increase in price in February 1943, com- 
bined later with Government approval of 
construction of pipe lines from the Big 
Horn Basin area to the Billings and the 
Casper districts, provided a basis for 
undertaking a drilling program. The 
important additions to reserves were 
made by drilling in previously discovered 
fields. The newly discovered fields resulted 
from drilling on favorable structures which 
had been known for several years. A con- 
tinuation of the favorable results obtained 
during 1943 seems possible only if further 
testing of the newly discovered fields is 
satisfactory and if drilling on less favorable 
known structures or geophysical prospects 
results in the discovery of new fields. 

The amount of drilling in the Rocky 
Mountain states of Colorado, Montana 
and Wyoming, was about the same during 
1943 as in 1942. However, owing to the 
fact that a number of wells of large. 
potential production were completed in 
the Elk Basin field, the total initial produc- 
tion of the producing wells was nearly 
twice as great for 1943 as for 1942. 

Explorational activity at the end of 1943 
seemed to be directed to geophysical 
methods, which are required to discover 
structures hidden beneath the rocks of 
Tertiary age in the Powder River and 
other large sedimentary basins. It is in 


TABLE 1.—Oul and Gas Production in Rocky Mountain District 


fs N f Oil 
Oil Production Gas Production, | Number of © 
Total, Bbl.¢ Millions Cu. Ft.¢ Wells’ 
Year | Area 3 
Field, County of Dis- |Proved, = 1943 
covery | Acres? 4 
= 
z 3 c Sen 
sg To End During | Q| To End} During | =& 
2 of 1943 1943 | sp| of 1943 | 1943 | BS] y |S 
5 S Qo} Seles 
z : Fe|E| = 
g 3 ered mee | 
4 Ay Oo) Os 
COLORADO 
Om, Bat. 
1 | Berthoud, Larimer. ...-........00.0-00+ 1925 510 66,137 2,078 1 
2 400 664,131 4,677 15 
3 
4 9,000 | 13,803,008 20,971 68 
D 400 2,289,729 28,537 6 
6 200 479,425 3,146 1 
7 640 487,246 152,015 8 
8 600 | 10,094,282 | 483,037 27 
9 6,046,183 127,336 fal 
10 80 117,882 39,892 4 
11 200 1,880,499 251,208 9 
12 | Rangely (Shale Oil), Rio Blanco 1919 320 1,574,265 296,969 25 
13 | Rangely, Rio Blanco.................... 1933 483 14,483 1 
14 Dow! Creek: lpoutiiee anise Seca eee 1924 200 1,831,820 46,884 9 
15.) Walden, Jackson. Aiea 00 4.450) +. Uc 1927 320 85,336 0 2 
16 | Wellington, Larimer.................... 1924 1,000 5,075,482 73,544 10 
17 | Wilson Creek, Rio Blanco............... 1938 2,300 2,164,694 759,736 12 
. Gas, Mitttons Cv. Fr. 
18 320 1 
19 1 
20 640 16 
21 3,180 13 
22 4,380 8 
23 400 6 
24 350 3 
Montana 
25) Border; Toler. ea ace nae ee 1930 450 1,117,716 21,076 27 
26 | Cat Creek, Petroleum................... 1920 1,600 15,392,873 119,322 117 
27 | Cedar Creek, Fallow.................... 1936 80 17,588 0 2 
28 | Cut Bank, Glacier...................... 1932 38,000 | 36,857,970 | 5,327,207 786 
29: | Devils Basin ston ere ean egee oe 1919 31,322 0 2 
30) |) Dry Creek, (Carbon) cc. 0 enc en 1930 200 2,057,318 96,540 7 
31 | Elk Basin (Light), Carbon............... 1916 140 1,051,127 13,645 20 
32 | Elk Basin (Heavy), Carbon.............. 1942 229,514 229,514 4 
43) i Krannie, Carbon, isi: ses Jee. vucedece.. 1940 40 66,461 13,641 2 
34 | Gage, Musselahell...................... 1943 377 377 1 
35 | Ingomar, Rosebud...................... 1943 - 8,200 | 8,200 1 
36 | Kevin-Sunburst, Toole................_ 1922 45,000 | 43,991,835 1,817,851 1,209 
37 | Lake Basin, Stillwater................... 1924 300 495,618 15,888 2 
38y)Rondena,, Zeton sas stiantions . a0 cn. eee 1927 1,600 6,418,690 211,862 151 
39 | Sweetgrass Hills, Toole.................. 1929 500 120,280 6,504 i 
40 i hompa yates. hak ee. ee 1943 160 160 1 


» Footnotes to column heads and explanation of symbols are given on page 270. 


e 


458 OIL AND GAS DEVELOPMENTS IN THE ROCKY MOUNTAIN REGION DURING 1943 


« 


a nied 


C. E. SHOENFELT AND GAIL F. MOULTON 459 


TABLE 1.—(Continued) 


Character of Oil* Producing Formation Deepest Zone Tested? 


to End of 1943 


= ~ 
B 3 
‘ S =| a 
= a ie s) 33 
: oc i a 
3 = = ‘ & é Name and Age | * ee & ae Name i 
Ea a! 5S -e ose |.2] 2 wna 
eleg| |a(a) 2 | § 3/85 | Ses | 25) £ — 
12 15/S\9\/8| 2/8) 25 =) g\ es] Boe (ee) 5 a 
le laid] 8 lala] 5? R Sis eae sea ee An 
COLORADO 
rt Or, Bau. 
1 600 38.5 0.1 | Hygiene, CreU eS 20 2,920 | 20 A | LaNota (CreL) 4,031 
o 38.6} 0.2 | Pierre, CreU Sh 2,000 MF 3,100 
Muddy, CreU 8 A | Sundance (Jur) 6,510 
31.0 0.1 Pierre, CreU H 2,200 Fountain (Pen) 
oe a {ree Ss 18 4,535 25 
é : Sundance (Ji 5,206 
Sundance, Jur N) 14 5,063 |139 } owes 
42.0 0.1 Muddy-Dakota, CreU} 8S 9 6,645 | 35 A | Morrison (Jur) 7,040 
850 36.9 0.1 Wasatch, Eoc s Sand lenses D | Mesa Verde (CreU) | 7,577 
rie 0.1 Sundance, Jur iS) 9 3,295 | 20 D_ | Sundance (Jur) 3,454 
685 37.4 0.1 Wasatch, Eoc Por | Sand lenses D | Wasatch (Eoc) 5,878 
40 0.1 Dakota, CreU 8 1,120 20 A | Dakota(?) 1,350 
43 0.1 Mancus, CreU Sh 600 
32.5 Weber, Pen, Mancos | 8 5,750 A | Weber 7,137 
35 0.1 Mancos, CreU H A | Gneiss 5,310 
50 0.1 Muddy-Dakota, CreU| S | 14 5,110 | 90 | AF | Morrison (Jur) 5,258 
37.4 0.1 | Muddy-Dakota, CreU| S 12 4,480 | 20 A | Sundance (Jur) 4,992 
46 | 0.1 Morrison, CreL S$ 6,550 [125 D | Sundance (Jur) 6,981 
Gas, Muuions Cv. Fr. 
600 0.1 Hygiene, CreU s 2,920 20 Lakota (CreL) 4,031 
Dakota-Lakota, CreU| 8S 4,326 DF | Hermosa (PenL) 8,558 
12 0.1 Benton, CreU H 1,600 D | Fountain (Pen) 2,500 
850 0.1 Wasatch, Eoc Sand lenses AF | Mesa Verde (CreU) | 7,577 
12 Santa Rosa, Tri Ss 19 960 | 50 D | Fountain (Pen) 2,010 
685 0.1 Wasatch, Eoc Sand lenses Wasatch (Eoc) 5,878 
725 Dakota, CreU 8 15 2,200 | 30 D | Sundance (Jur) 3,110 
MONTANA 


Koutenai, CreL 


51 Claggett, Eagle, Fron-| S 5,500 Tensleep 6,887 
tier, Mowry, CreU; 
Cloverly, CreL 
43 eo mee Foes s 1,000 
overly, as, 
Tensleep, Pen pe 100 


Tensleep 5,752 


mn 


Oa 
| Tensleep, Pen 
2 


Amsden, Pen LS 5,965 

Amsden, Pen _ | Ls 

34 Koutenai; CreL; Ellis,| S 
Jur; Madison, Mis k 
L 


Devonian(?) 7,495 
5,814 
Pre 4,710 
Madison (MisL) 6,002 
Madison (MisL) 2,354 


Madison (MisL) 2,205 


3,910 |120 
1,400 


44.1 : Eagle-Frontier, 1,200 100 
Dakota, CreU 
34 Madison, MisL 1,975 | 10 


36 Koutenai, CreL; Ellis, |8, L 1,400 
Jur; Madison, MisL 


elec dee te lol Mohs 


aa a a rT Vadwes Cr S,) F ] BAO [15 | MC) Devonian 3,890 
- 34 

i. 49 Cat Creek, Cre 8 1,200 AF | Madison (Mis) 1,964 
Ao 29.5 Madison, Mis L 6,750 Devonian 

2 41 Cut Bank, Cre s | 14 2,800 | 30 | MC | Madison 3,160 
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TABLE 1.—(Continued) 


; 


4 


“1 | 
Oil Production Gas Production, are ee | 
Total, Bbl.< Millions Cu. Ft.¢ Wells/ | 
| 
. | 
Year |_ Area x | 
Field, County of Dis- |Proved, S 1943 
covery | Acres? = . | 
“ \ 
b To End During A To End | During | #3 on 
4 of 1943 | 1943” | mol of 1943 | 1943 | Ze| eB] eB | 
5 S pois 2 3 :j 
g Fae | 
3 x oF) oS | =m 
WYOMING 5 i 
Al Badger Basin; Parkesysccce tts o\int=-ialare altel 1931 300 544,673 74,286 2 | 
42 | Big Medicine Bow, Carbon..........-..-.. 1935 800 4,267,745 228,557 4 | 
43 | Big Muddy, Converse...........--+.---- 1915 2,000 | 27,797,362 382,261 135 q 
44 | Black Mt., Hot Springs;................ 1925 300 295,805 9,410 8 
45) Byron, Big Horns seeds as laecte ar sete 1906 2,950 9,511,219 | 2,002,036 24 
46 | Circle Ridge, Fremont............-..-+-- 1923 311,746 251,941 10 =| 
47 | Cole Creek, Matrona............++...--+ 1938 900 1,297,100 | 419,366 29 =| 
48 | Dallas-Derby, Fremont..............--.. 1883 350 3,446,816 161,562 34 / 
49 | Dewey Dome, Weston................--- 1938 21,186 0 1 s| 
50: | Dutton Creek, (Carbon, o2.520...... 0s: 1927 150 323,000 16,770 3 
51 ||) Bik Basin (Light), Park. 5.2 o0...0. 0808 1915 580 | 11,737,573 159,054 142 
52 | Elk Basin (Heavy), Park............02% 1942 3,000 2,212,418 | 2,203,962 25 | 
53) Wil errist Carbon t-taysdereyctears eis deiner reakice 1918 200 566,670 6,149 2 i | 
544 BranniejParkeeeesacccae-n tale eines 1928 500 7,755,768 989,655 32 | 
55 | Garland, Big Horn..........+,+-:+-0-- 1930 | 2,000} 5,407,857 | 201,360 10 | 
56 | Gebo Dome, Hot Springs................ 1943 2,500 i . 
5h Gooseberry; Parkiacs? .)..4.. 222 aeseautnk 1937 500 19,970 6,815 1 nN 
58 | Grass Creek, Hot Springs 2,000 | 32,088,089 877,553 199 i 
69 /|\Greybull, Brg Horn..tcaskt. 02. .e +. ae 640 346,730 0 1 . | 
60 | Hamilton Dome, Hot Springs............ 1913 2,000 6,487,234 504,077 33 : 
61 | Hidden Dome, Washakie................ 1933 50 391,983 13,438 16 
62.) Horse’ Crecle in vnnb 4. Pee onegiewn coins 1942 11,545 11,545 2 
63)|) Hudson, Fremout.< s...020. sce cs eaeeee 1914 340 2,411,602 91,925 35 
64 | Iron Creek, Natrona.................... 1922 120 31,626 3,346 4 
65;,|\ La Barge, Sublette. .c.%. tek. 5. canons dees 1923 950 8,650,674 626,638 142 
66 | Lance Creek, Ntobrara.................- 1918 15,000 | 57,144,763 | 7,273,609 220 
67 | Lost Soldier, Sweetwater................. 1915 450 | 22,512,549 | 1,894,983 48 
68 | Mahoney Dome, Carbon................ 1930 250 1,436,248 288,931 
69 | Maverick Springs, Fremont.............. 1921 1,400 1,817,908 mr ae 
OR Mid way, Narang tae wee here 1930 200 175,886 0 
71 | Mule Creek, Niobrara.................. 1919 1,461,022 13,303 42 p 
72,| Notches, Natrona... .........0eccesenent 1923 400 328,672 116,848 4 
WouOregon: Basin, Park. wwcsns eos. es eee 1927 10,000 | 25,740,832 | 4,980,686 108 3 
74 10,000 } 5,192,963 | 184,260 231 r 
75 300 1,209,444 466,281 8 ; 
76 320 | 1,503,353 | 159,780 17 - 
77 200 294,934 23,574 3 
78 | Rock Creek, Carbon.................... 1918 1,300 | 22,622,320 910,921 
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TABLE 1.—(Continued) 


Wells | Reser- 
Pre 
ne snes Character of Oil* Producing Formation Deepest Zone Tested? 
1 943 Lb. per to End of 1943 
Sq. 
: Oil = e im 
a! s 2 g 
2/8) . 8 Sas 
fe | le S83) i a . aw |as 
e | Re | Fs) S| SS Name and Age A Pee a. hoe Name 
ii = 5 = & Bas 63+ > 3 + 
wis| |_lals| 2& Z 58 | Som [se| § sk 
se lelslalsisis) B2| = #|3°| fz \Ss| z a2 
. S\e 4 ~~ a } aD Res > by 
eS lelelé|3 |Z lal 63 BR & | S8| sss | Ex é ae 
WYOMING 
41 Frontier, CreU $s P 8,250 

42 Sundance, Jur Ss cg 5,200 es 2 siete 

43 Wall Cr. Dakota,| S 3,260 

2 CreU 
44 Peete Per, | LS 2,900 |135 A | Madison (MisL) 3,832 
45 Embar-Tensleep, Per, | LS | Cav, 5,400 |130 | AF 

en Por 
» 46 faa 8 $ 600 
47 { ee CreU Por eee 100 A | Sundance (Jur) 8,708 
48 lomo a Per, | LS 5 700 |150 A | Tensleep (Pen) 1,400 
en or 
F 49 os Zone, Minnelusa, | §S Por 2,294 | 40 A | Madison? (MisL) | 2,890 
en 
«60 Muddy, CreU $ 4,850 | 40 Sundance (Jur) 5,448 

51 Frontier, CreU s Por 1,000 | 40 | AF 
_ 52 Tensleep, Pen rs} 4,488 Tensleep (Pen) 5,581 

53 Mowry-Dakota, CreU| S Por 1,600 | 25 A | Embar (Per) 4,600 

54 Tensleep, Pen 8 Por | 2,770 |100 | AF | Madison (MisL) 3,013 
fF * 

«BB Madison, Embar-Ten- Cav} 3,600 {300 . 
sleep, Per-Pen Ls { Por 3,000 |100 } AF | Cambrian 4,750 
” 56 Embar, Per LS 4,680 |150 D | Tensleep 5,309 
57 Madison, Embar-Ten-| LS | Cav, 5,669 | 50 A | Tensleep (Pen) 6,076 
“4 Beater Tenelee Por | 3,600 {200 | a 
mbar-Tensleep, ; 
68 ein Gd S| Por |{ 300 | AL] Amsden (Per) | 4,512 
"59 Grey Bull,CreU | S | po,| 1,000 | 20 | AF | Tensleep (Pen) | 2,950 
60 Retat:Temmleen, Per, | LS, F/ 2,700 |130 | A | Tensleep (Pen) 2,885 
> en 
61 Frontier, CreU S| Por| 1,500 | 15 | A 
62 
3} Embar-Tensleep, Per-| LS = 1,300 |185 A 
en or 

64 Dakota, CreU S | Por 650 | 25 | A |Sundance (Jur) | 1,633 
65 bet pecprs bees * : Por - = 150 Hilliard (CreU) 6,200 

7 Leo Zone, Minne- ; : 
' 66 {ies Pen Frontier,| 8 175 \ D | Granite 6,434 
67 Tensleep, Pen s | Por! 3,900 | 50 | AF |Tensleep (Pen) | 4,087 
* 68 Tensleep, Pen § | Por] 4,600 |160 | A | Tensleep (Pen) 4,690 

69 Embar, Per L Cav| 1,450 | 50 A | Tensleep (Pen). 2,094 

70 Frontier-Muddy, 8 Por | 5,200 | 60 A ieee (Tri- | 6,689 
4 CreU er 

ill x Minnelusa, Pen 8 2,800 | 10 : * 

71 os nie ene pe Ha A | Madison (MisL) | 3,047 
72 Tensleep, Pen S | Por] 2,800 | 40 A_ | Tensleep (rent 2,918 
73 Embar-Tensleep, Per-| LS cos 3,500 |150 | AF | Madison (MisL) 4,650 

., P or ‘ ; 

74 P pects CreU S | Por “ ML | Minnelusa (Pen) | 2,235 

F Tensleep, Pen S| Fis | 6,184 |1 ; 

4 75 {Notre Creu. | H| Fis | '800 | 15 }| AF | Madison 2 pe 

4 Muddy-Dakota, CreU| S Por | 3,260 | 60 A | Sundance (Jur) 4,207 

76 y 

77 Dakota, CreU S | Por} 3,800 | 50 | A | Lakota (CreL) 3,930 

Ss Por | 3,150 |100 A | Embar 5,627 


\ Sundance, Jur 


ee 


ord 
\ 
~~ 


ey Ss, 
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TABLE 1.—(Continued) 


Oil Production Gas Production, ee fhe 
Total, Bbl.¢ Millions Cu. Ft.¢ Wells’ 
Year | Area 3 
Field, County of Dis- |Proved, = 1943 
covery | Acres? ol 
To End Duri Z To End | During | #3 
5 o En ring (0) Pst 
2 of 1943 1943” | se| of 1943 | 1943 | S| ¥ | E 
5 S SRS) SE, I AE, 
i E 2| | 3 
ce & OFS |= 
79 | Spindletop, Natrona................+-.- 1928 80 34,207 8,307 4 
80 | Salt Creek, Natrona............0.0.-00 1908 21,450 | 308,391,212. | 4,788,874 1,782 
81 | Shoshone (Cody), Park...............-. 1929 540 107,268 28,339 2 
82 | Sheep Creek, Fremont...................|1942 160 4,492 0 2 
83 | South Casper Creek and Poison Spider, 
IN GbTONG! Sa Pos occas eiareeer ae eae 1920 240 4,225,446 264,170 36 
84 | Steamboat Butte, Fremont... . .. |1943 220,375, 220,375 3 
85i|(Spring Valley... see ue ../1903 101,593 0 
86 | Teapot (Naval Res.), Natrona. . .|1922 3,618,790 0 
87 | Teapot (Outside Naval Res.), Natrona....|1927 128,044 4,363 2 
SSs"Torchhght:, eae ene wee eee eee 1915 254,709 0 44 
89 | Warm Springs, Hot Springs.............. 1917 160 434,151 24,651 19 
SOalWenta Carbon. i845 acc. se eet on 640 8,276,457 | 2,064,645 23 
921- 


these areas that the hope of continuing 
discovery of important fields in the Rocky 
Mountain area must be realized, for 
structures in areas of outcrop of Cre- 
taceous formations near the mountain 
uplifts generally are obvious and have 
already been tested. A number of projects 
looking to the geophysical exploration of 
large areas are reported and it is anticipated 
that the efficiency of the more commonly 
used geophysical methods in exploration 
work in the Rocky Mountain area will be 
demonstrated during 1944 and succeeding 
years. 

The Office of Price Administration 
raised the price of various crudes of Wyo- 
ming black oil 15¢ per barrel in February 
1943 and later in the year permitted 
. increases in the price posted for heavy oils 
in other parts of the state. 

The trend toward concentration of oil- 
producing properties in the hands of the 
larger oil companies, characteristic of other 
parts of the country, was also a feature of 
operations in the Rocky Mountain area. 
The Carter Oil Co. acquired four refineries 


and important producing and undeveloped 
leases in the Lance Creek, Elk Basin, and 
Cut Bank fields by purchase from the 
Yale Oil Corporation, and by purchase 
of the Minnelusa Oil Corporation and 
Santa Rita Oil and Gas Co. The Union 
Oil Co. of California entered into a contract 
to purchase the properties of the Glacier 
Production Co. with oil and gas leases, 
gasoline plant and refinery in the Cut Bank 
field. Barnsdall Oil Co. purchased a half- 
interest in the Husky Refining Co., whose 
properties include a refinery at Cody and 
oil production in fields in the Big Horn 
Basin. 


COLORADO 


Exploration in Colorado resulted in the 
discovery of one gas field and one oil field. 
Additional development in previously pro- 
ducing areas increased the production of 
two of the fields, but there were no develop- 
ments of great importance. 

Clark Lake-—Amerada Petroleum Com- 
pany and Alder Oil Company’s No. 1 
Hartshorn, sec. 15, T. oN., R. 68W., was 


: 


| 
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Wells | Reser- 
Produc- Made 
met" sare, Character of Oil* Producing Formation Deepest Zone Tested? 
Dee. 
ibs we to End of 1943 
Sq. In. 
at e @ 
} o 7] S 
, s 8 2 oS Peis 
fe 2 a s be _ a wo AS 
A\zs] |4/8l3| 25) 2 | 58 | 83% |e] 8 ‘sm 
ee eS 1-8) als| 2 = S| 3 Affe |/s.| 8 Ag 
£\slelaleiS\8| Bs] 3 A} 5S] BS |B2| 5 Bg 
SES 0) 5 | bat] © s oie Con Re Det a" 
79 29 Sundance, Jur S | Por 1,100 | 25 A | Tensleep (Pen) 2,705 
{ 37 |-L Tensleep, Sundance, } 2,750 | 70 : 
80 27.7|-H Frontier, CreU | § | © 3,970 [190+] D | Granite 5,400 
81 18.61 Embar, Per LESH rere 
6) , Pei s 2 
a es av| 4,300 4 A 
21 Sundance, Jur Ss Por 1,400 | 35 : 
83 { 15.3 Tensleep, Pen N) Por 2,600 |150 § A | Granite 4,119 
3 Leg Sundance, Jur 8 5,094 | 30 | AF | Sundance (Jur) 5,228 
. eye Aspen, CreU H 400 |900 | MC} Bear River (CreU) | 2,065 
| | Wall Creek : 2 ; 
4 33. | Shales Cret H| Fis |{ 7599 }| 40 | AF | Frontier (Cre) | 3,140 
/ 4 i 6 nad etd SH} Por 400 | 50 A 
| ; mbar, Per L | Cav 700 | 50 A | Tensleep (P 
90 = oe | Tensleep, Pen $s Por 5,860 (300 A ‘Tenalocd oe Pec 
| 5 


completed in the Muddy sand after plug- 
_ ging back from a total depth of 6510 ft., 
where it encountered water in the Sundance 
sand. This well had an initial production 
» after the end of the year of 168 bbl. per 
" day. The structure was discovered by use 
' of reflection seismograph, as it has no 
- surface expression. 
~~ Douglas Creek—The Douglas Creek gas 
field, Rio Blanca County, was discovered 
by a well in sec. 5, T. 35, R. ro1W., having 
- initial open flow of about 10 million cubic 
feet and was drilled jointly by Superior 
- Oil Company of California, Continental 
Oil Co., and Union Oil Co. of California. 
’ This structure has been known for some 
time and is associated with the Rangely 
anticline, where oil production has been 
- obtained for some years. 
North McCollum.—Continental Oil Com- 
pany’s No. 5 Pollack, sec. 2, T. 9N., R. 
79 W., extended the productive area 34 


e 
£ 


4 
mile. This: well was completed in the 
Frontier sand of Cretaceous age at a 
depth of 5049 to 5080 ft. for an initial 
- production of 192 bbl. of 46° gravity oil 


” 


7 


ae 


per day, together with 1o million cubic 
feet of carbon dioxide gas. 

Rangely Field—Production of oil from 
the Rangely field in Rio Blanca County, 
western Colorado, was first obtained from 
the Mancos shale of Cretaceous age, which 
outcrops in the field. This production 
began in ror1g. Although most of the wells 
drilled during 1943 also obtained produc- 
tion in this zone, the development of 
production in deeper formations was the 
important feature of the year’s activity. 
The large anticlinal structure indicated 
by outcrops appeared attractive for deeper 
drilling, and prior to 1933 gas wells with 
considerable open flows were completed 
in the Dakota sand at a depth of about 
3000 ft. In 1933 the California Co. and 
associates drilled their No. 1 Raven in 
sec. 30, T. 2N., R. 102W., to a total depth 
of 7173 ft. Oil was discovered in the various 
zones in the Weber sand between 5750 and 
6315 ft. in depth and the well was shut in. 
In 1943 the operators reopened the well 
and shot the Weber sand first with 650 qt. 
and then with 1200 qt. of nitroglycerin. 
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Since being put on production the well 
has averaged about 200 bbl. per day, 
flowing through a choke. 

Wilson Creek Structure—Two additional 
wells were drilled during the year in the 
Wilson Creek area of Rio Blanca County, 
finding production at depths below 6500 ft. 
and having an average initial production 
of 280 bbl. per day. 


MONTANA 


The discovery of oil in the Amsden for- 
mation on the Gage anticline, Musselshell 
County, was the most important develop- 
ment of 1943 in Montana. Drilling in other 
parts of the state in the main was dis- 
appointing, for neither important exten- 
sions to oil-producing areas nor new fields 
were discovered. Developments in eastern 
Montana in particular failed to provide 
encouragement for further exploration. 

Gage Anticline—Small oil production 
on the Gage anticline, Musselshell County, 
was obtained in Northern Ordnance, Inc.’s 
INO Morris, Seeapa5. 6 ben GIN mentor 
at a depth of 5965 to 6100 ft., plug- 
ged back from 7495 ft. This well was 
drilled on leases subleased from the Carter 
Oil Co., whose exploration department 
had recommended the structure. Before 
the end of 1943 two additional wells had 
been started, in spite of the fact that the 
rate of production of the first well was 
hardly commercial. 

Ingomar.—Gas was discovered in the 
Amsden formation on the Ingomar dome, 
Rosebud County, by Northern Ordnance, 
InicvsvINom 7 ELL sece 2 = eros aes bie 
Production was obtained at 3910 to 4030 
ft. in a well plugged back from testing 
lower formations to a total depth of 58r4 ft. 
This discovery is of undetermined impor- 
tance and the gas is of poor quality, 
because of its high nitrogen content. One 
additional well started in the field was 
shut down at a shallow depth at the end 
of the year. The particular significance 
of the Ingomar and the Gage discoveries 
is the fact that strata of the typical Big 


Horn Basin geologic section have been 
found far to the north of any areas where 
they had previously been productive. 
Kevin-Sunburst District—Minor exten- 
sions were made to the Kevin-Sunburst 
district, the most important of which was 
on the west side of the field, where a well 
of The Texas Company in sec. 2, T. 34N., 
R. 3W., flowed 155 bbl. of oil per day after 
acid treatment. A new area of gas produc- 
tion discovered by Nadeau Brothers 
southwest of the Shelby gas field was 
followed by additional development around 
their No. 1 Russell, sec. 1, T. 31N., R. 3W. 


These and other discoveries of undemon- — 


strated importance are typical results, 
which may be anticipated by drilling in a 
large area around this field. As is clearly 
shown by an outline of the producing area 
traced on a structure map of the Kevin- 


Sunburst field} the area of production is © 


controlled by the character of the produc- 
ing formations and not by the structure. 
Consequently, it is to be anticipated that 
further development in other presently 
nonproducing areas on this structure, 
which have been thought to be condemned 
because of the failure of wells drilled near 
by, will likewise prove them productive. 

East Utopia—The Texas Company’s 
No. 1 State, sec. 10, T. 33N., R. 4E., dis- 
covered the East Utopia field by finding 
production in the Madison lime at a depth 
of 2579 ft. The initial production was 
20 bbl. per day of 16° gravity oil. This 
was the only new field discovered in 
northern Montana during the year. 

Elk Basin.—Drilling in the Montana 
portion of the Elk Basin field resulted in 
the completion during the year of four 
wells producing from the Tensleep sand- 
stone at depths of approximately 5000 ft. 
and having an average initial production of 
1200 bbl. per day. An area of some 800 to 
Tooo acres appears to be proven for produc- 
tion as a result of this development. 

Cedar Creek Gas Field——The Cedar 
Creek gas field was developed further by 
the drilling of six wells in Fallon County, 


C. E. SHOENFELT AND GAIL F. MOULTON 


having an average open flow of 1.3 million 
cubic feet per day. There were no impor- 
tant new developments in this portion of 
the state. 


Exploration of Deeper Formations 


Most wells drilled in the Rocky Moun- 
tain states have been abandoned if they 


"failed to find production in or above the 


- 


first 50 to 100 ft. of the Madison limestone. 


~The expense of drilling through this hard 


formation, which may be 1ooo ft. thick, 
or more, and the uncertainty of what 
would be found below, has usually caused 
the operator failing to find production to 
this depth to abandon his well. Activity 
in northern Montana during 1943 was 
unique in that a number of wells were 
drilled far into or through the Madison 
limestone. Most of these were reportedly 
_ situated on structures in the older rocks 
" underlying the Madison, as determined by 


the use of reflection seismograph. These 


-wells, which were situated in Pondera, 


Teton and Toole Counties, had not been 


successful in finding production in the 


' deeper formations up to the end of the 
* year, although at least one of them is 


reported to have encountered showings 
of oil and gas in strata somewhat below 


- those previously tested in the vicinity. 
If favorable conditions are demonstrated 


, 


for the Devonian or lower Mississippian 
formations by any of these wells, a new 
era of deeper drilling would be inaugurated 


for northern Montana. 


a 


WYOMING 


Wyoming maintained its place as the 
-_jeading oil-producing state of the Rocky 
Mountain region during 1943. The dis- 


Bcovery of oil production in three new 
areas, and the discovery of oil in a deeper 


formation in a fourth field, together with 
the development of an extensive area of 
proven production for the Tensleep zone 


na in the Elk Basin field, were the important 


features of the year’s activity. 
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Gebo.—The Continental Oil Co. discov- 
ered oil in the Tensleep sand in its No. 1 
Gebo Unit in sec. 23, T. 44N., R. o5W. 
Because of the low permeability of this 
formation and the presence of water in 
the lower part of it, satisfactory production 
could not be obtained from this zone. 
Tests indicated a maximum production 
of 100 bbl’ per day of 17 A.P.I. gravity oil. 
The well was plugged back and completed 
in the Embar formation, which occurred 
between 4680 and 4900 ft., and after 
treatment through casing perforations 
with 1500 gal. of acid, had an initial 
production of 2400 bbl. per day of 29°A.P.1I. 
gravity oil. The entire area included 
within the limits of this structure was 
unitized prior to the start of the well and 
it is expected that an orderly development 
program will follow. At the present time 
no estimate can be made of the size of the 
field, although the structure covers more 
than tooo acres and the reported thickness 
of the producing zone exceeds 150 feet. 

Steamboat Butte—British American Oil 
Producing Company’s No. 1 _ Tribal, 
sec. 5, T. 3N, R. 1W., was completed in 
the Sundance sand at 5094 to 5109 ft. for 
an initial production of 623 bbl. of oil per 
day of 30°A.P.I. gravity. This field is a 
short distance north of the Pilot Butte 
field and occurs on the same axis of folding. 

Little Buffalo Basin.—The Little Buffalo 
Basin structure in Park County, Wyoming, 
has been established as a gas field since 
the completion of wells producing from the 
Frontier sand in 1914. A large part of 
the area was unitized for gas production 
with respect to the Frontier sand by the 
Federal Government about 10 years ago. 
Since 1928 there has been a small market 
for gas supplied by wells in this field and 
no further development took place until 
1943- 

Oil production was discovered by Good- 
stein et al. No. 1 Government, sec. 13, 
T. 47N., R. 100oW., which was drilled to a 
total depth of 4965 ft., 180 ft. below the 


466 OIL AND GAS DEVELOPMENTS IN THE ROCKY MOUNTAIN REGION DURING 1943 


top of the Tensleep sandstone. At the end 
of the year the productivity of this well 
had not been determined, although pre- 
liminary swabbing tests indicated a pro- 
duction of 7 bbl. per hour. Stanolind Oil 
and Gas Co. was drilling a well on this 
structure in sec. 34, T. 46N., R. 100W. 

Oregon Basin.—Oil production in the 
Oregon Basin field, Park County, Wyo- 
ming, was discovered by the Ohio Oil Co., 
whose well in sec. 8, T. 51N., R. rooW., was 
completed in 1926 with an estimated initial 
production of tooo bbl. per day from the 
Embar formation. Subsequent drilling 
resulted in oil production from the Tensleep 
sandstone as well as from the Embar and a 
considerable capacity for oil production 
was established before drilling operations 
were stopped. Through most of the subse- 
quent years only a small amount of oil 
was produced, because of a lack of market 
for the heavy black oil obtained. 

In 1943 the productive area of the main 
portion of the Oregon Basin. field was 
further developed by the completion of 
22 oil wells at depths ranging from 3400 
to 4500 ft., with an average initial produc- 
tion of 248 bbl. per day. In the south 
Oregon Basin field, Yale Petroleum Com- 
pany’s No. 4 Hancock, sec. 5, T. 5o0N., 
R. rooW., discovered oil in the Madison 
limestone and was completed for an initial 
production of 1440 bbl. per day of 18°A.P.I. 
gravity oil. This well was drilled com- 
pletely through the Madison limestone and 
apparently found its best production in 
the lower 100 feet. 

Elk Basin.—The most important con- 
tribution of 1943 to the proven reserves of 
the Rocky Mountain region resulted from 
the drilling of 21 wells to the Tensleep 
formation in the Elk Basin field, Park 
County, Wyoming. These wells had a 
reported total initial production of 36,600 
bbl. per day, or an average of more than 
1700 bbl. per day per well. The approximate 
size of this reserve might have been sus- 
pected from knowledge of the structure 


after the completion of the discovery well 
in the Tensleep in 1942, but it required 
extensive drilling to prove the reserves. 
Although the surface and previously pro- 
ducing formations at shallower depths 
had been known to be affected by numerous 
faults crossing the axis of the structure, 
indications are that the Tensleep is not 
greatly affected by faulting. Up to the 
end of the year the structural limits of 
production for the Tensleep sandstone 
had not been defined, but the range in 
elevation of the top of the Tensleep forma- 
tion in the producing area had already 
been established as being at least 1500 feet. 

Other Areas—Drilling in the older 
producing areas outside of the Big Horn 
Basin district was largely of a routine 
nature and a few wells were completed 
in the Lance Creek, Salt Creek, Cole 
Creek, and other established fields. In 
general, prospecting for additional produc- 
tion in southeastern Wyoming was unsatis- 
factory during the year. Some further 
development of the Baxter Basin gas field 
took place, but attempts to discover new 
producing areas in the southwestern 


portion of the state likewise had unsatis- 


factory results. 


SoutH DAKOTA 


The only important oil test reported for 
South Dakota for the year was Northern 
Ordnance Company, Inc.’s No. 1 Harding 
County School Land, sec. 1, T. 17N., R. rE. 
This well was drilled to a depth of about 
8000 ft. and on a drill-stem test of the 
Ordovician sands at 70980 ft. obtained a 
hole full of hot sulphur water. The results 
of the test are particularly important 
because the Camp Crook anticline, on 
which the well is situated, was generally 
considered one of the most promising 
structures of northwestern South Dakota. 
This is the second failure on the structure 


and tested all of the formations that could — 


be presumed to have a chance of producing 
oil or gas. 


Oil and Gas Developments in Tennessee in 1943 


By KENDALL E. Born* 


f 


/ PropuctTion of crude oil in Tennessee 
during 1943 was approximately 8200 bbl., 
slightly less than the 1042 production, 


TABLE 1.—Oil Production in Tennessee 
im 1943 
Mates as pie 
of 3 
County Wells - 
Pumped 
1942 | 1943 
| 
‘ j 
_ Scott and Morgan......... 22 7,656 | 7,2xx 
Clay, Pickett, Fentress.....| 7 E,XU% } 1, 4K 


' 


and the lowest since 1934. Approximately 
7200 bbl. was produced from the Mississip- 
_ pian limestone pools in Scott and Morgan 


Natural gas was marketed from wells in 
Morgan and Fentress Counties for con- 
sumption in the Sunbright and James- 
town areas, respectively. The Morgan 
County production was about 10,000,000 
cu. ft. and approximately 8,000,000 cu. ft. 
was produced from the Jamestown gas 
field from six wells. 

The production of oil by counties is 
shown in Table r. 


DEVELOPMENTS 


Thirteen wells were spudded during the 
year; three were drilling on Dec. 1, 1943. 
Of the nine completions, representing 
10,488 ft. of hole, three were gas wells 


TABLE 2.—Oil and Gas Tests Drilled in Tennessee during 1943 


. Total Deepest | 
County Location 1 as reece " oe Drilled by Remarks 
ad 
» Fentress....| 3 miles SW. of| 1,358| Middle Mis Black River Joe Young Commercial gas 
Jamestown (Ord) I160 to 1165 ft. 
Fentress....| 4 miles SW. of | 1,025 | Middle Mis Trenton Young & Commercial gas 
Ps Jamestown (Ord) Brandon well capped 
» Jackson....| 1.6 miles N. of 215 | Trenton Trenton Gervase Jones Gas at 215 ft., for 
4 North Springs (Ord) (Ord) domestic use 
Jackson....| 5 miles S. of| 1,189 Trenton Knox Glenn Rose et al.| Dry in upper part 
Gainesboro (Ord) (<-Ord) of Knox dolo- 
mite 
_ Macon..... Red Boiling 1,588 | Lower Mis Knox R. A. Leslie Dry Knox test 
“a Springs (€-Ord) 
Putnam....| Buffalo Valley 265 | Trenton Black River C. W. Thomas 
os (Ord) (Ord) et al. p 
MSCOtt...-0. -5 miles NW. of| 1,148] Pen Middle Mis Fred Conn Free oil at 990 to 
: Oneida : : et al. 995 ft. 
SSE Ds o.e/o00 « 5 miles NW. of | 1,149| Pen Middle Mis Allen Borton 
Oneida ; etal. ’ 
Beocotts...... 3 miles W. of| 1,750] Pen Lower Mis Clock Oil Commercial gas 
Oneida Company at 1635; well 
capped 


ad ee De ee ee Ene 


Counties. Some half dozen wells in Clay, 
_ Fentress, and Pickett Counties, pumped in- 
 termittently, produced about 1000 barrels. 


- Published with permission of the State 
_ Geologist of -Tennessee. Manuscript received 
at the office of the Institute April 11, 1944. 

~~ "* Associate Geologist, Tennessee Division 
of Geology, N ashville, Tennessee. 
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of commercial size although only one 
of them has been placed on the line. The 
completions are listed in Table 2. The 
distribution of tests according to physio- 
graphic divisions is given in Table 3. 
Cumberland Plateau.—There were three 
completions in the -northern part of 
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Cumberland Plateau. One of these, drilled 
5 miles northwest of Oneida, in Scott 
County, encountered some free oil in 
a limestone of Chester age at goo ft. 


TABLE 3.—Physiographic Distribution. of 
Wells Drilled in Tennessee in 1943 


: A " In ° 
Physiographic Wild- Oil | Gas 
Division County cat ee Wells} Wells 
Northern Cum- 
berland Pla- 
LAU eoasas Scott oi 2 (6) I 
Eastern High- 
landeRamiee Fentress| 1 I Co) 2 
Jackson 2 0 fe) to) 
Putnam I (0) (3) to) 
Northern High- 
land Rum... Macon I fe) to) (a) 


This well has not been put on pump 
to determine its commercial possibilities. 
A gas well was completed 3 miles 


\ 
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west of Oneida, in Scott County. The 
open flow is estimated at 1,000,000 cu. ft. 
and the rock pressure was 275 lb. The 
producing horizon is in the lower part of 
the Mississippian section at 1635 ft. 
This well is now capped, awaiting develop- 
ments in the area. Late in the year, 
interest was focused on the Northern 
Cumberland Plateau, where some surface 
work was: done. This area promises to be 
the most active in the state in 1944. 
Eastern Highland Rim.—Five comple- 
tions on the Eastern Highland Rim 
included a commercial gas well in the 
Jamestown field, Fentress County. The 


others were relatively shallow tests, which ~ 


were.dry or near-dry holes. 

Northern Highland Rim.—One test, at 
Red Boiling Springs, Macon County, 
was abandoned at 1588 feet. 
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Texas DISTRICTS 


East and East Central (R.R.Comm. No. 5 and No. 6) 
Gulf Coast (R.R.Comm. No. 3) 

North (R.R.Comm. No. 9) 

North Central (R.R. iota, No. 7B) 

Panhandle (R.R.Comm. No. 10) 

South Central (R.R.Comm. No. 1) 

South (R.R.Comm. No. 2 and No. 4) 

_ West (R.R.Comm. No. 7C and No. 8) 
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Development and Production in East and East Central Texas in 
1943 


By D. V. CarTER* AND Dan C. Witttams, JR.f 


DvRING 1943 five oil fields and two gas- 
condensate fields were discovered in the 
East and East Central Texas district. The 
New Hope field, discovered by Tide Water- 
Seaboard in Franklin County, is the most 
important oil discovery since the Hawkins 
field in 1940. At the close of the year two 
oil sands were producing and two addi- 
tional oil sands were being tested. The 
gas-condensate fields of Appleby in Nacog- 
doches County and the Stewards Mill 
field in Freestone County had only one 
producing well each. The Carthage field 
was extended 3 miles north and 4 miles 
west. Another well that was testing at the 
year end indicated a probable eastward 
extension of several miles. 

The Quitman field, in Wood County, 
was the most active from the standpoint of 
drilling operations. Approximately 48 wells 
were completed during the year. The 
second and third most active fields were 
Hawkins field, Wood County, and Kildare 
field, Cass County, respectively. Wartime 
restrictions of material, together with man- 
power shortage and Federal spacing regu- 
lations, reduced the number of oil and 
gas-well completions from 265 in 1942 to 
171 in 1943. This represents a drop of 35 
percent, or approximately 14, enough to 
replace the 531 producing wells abandoned 
in the district during the year. 

No changes were made in the price of 
crude oil in the district in 1943. 


Manuscript received at the office of the 
Institute April 24, 1944. 

* Chief Petroleum Engineer, Magnolia Pe- 
troleum Co., Dallas, Texas. 

+ Petroleum Engineer, Magnolia Petroleum 
Co., Dallas, Texas. 


PRODUCTION AND PRORATION 


The district produced 177,652,940 bbl. 
of condensate and oil during 1943. This 
represents an increase of approximately 


ceaeaieraes 


II per cent compared with the previous | 


year. 


and most important field in the district, 
had an annual production of 128,568,647 
bbl. of oil, which is approximately 6.5 per 
cent more than the previous year, and 
represents 72 per cent of the district’s 
production of condensate and oil for the 
year. The district had an estimated basic 
daily allowable of approximately 509,000 
bbl. of oil on Dec. 31, 1943. The entire 
district produced approximately 30 per 
cent of the state’s production for the year 
1943- 

The Hawkins field, Wood County, was 
operated 271 days during the year and 
with an average daily production of ap- 
proximately 52,488 bbl. for the year. This 
field, which is the second largest in the dis- 
trict, produced 14,224,164 bbl. of oil during 
the year. 

Changes in annual production in certain 
fields in the district can be attributed to 
their ability to produce at higher rates, the 
demand, and transportation facilities in 
the war effort. 

The East Texas field showed an over-all 
decrease in reservoir pressure of 8.30 lb. 
during the year. Indications were that 
through the first quarter of 1944 the return 
of salt water to the reservoir was having a 
beneficial effect. It is hoped that, as more 


The East Texas field, which is the largest | 


and more water is returned to the reser- _ 


470 


D. V. CARTER AND DAN C. WILLIAMS 


471 
ra OKLAHOMA 
3 
at 8 . = S 
_ - 
\\. S| 2 : - eI 
° a Ves H 
Porrsaom 2 
LAMAR RED RIV 
GRAYSON FANNIN ov) ER Rae 
Es ae j BOWIE 
oeure : : . 
2a 
& 
a 'on 
DENTON . = 
COLLIN 4%, MUNT™ HOPKIN < = CASS 
=a * oO; ul 
> = bes 
bes q x 
; eae Pir rsaurG : , = 
ws ft RAINS a : x 
aa “wre < 
TARRANT UPSHUR KMARION _ Porve y 
DALLAS FRPP = 
VAN v Fasr Texas 5 
cavruan | : 
ZANOT | HARRISON : x 
* Kan cada © Wicton Spemes 
wa 7 Re Waskom 
a a 4 
JOHNSON 3 ELLIS Laan cae ae j oS ee 
rae is cae PULASKI FERRY~, «Capt nace 
HENDERSON . ih ca 
» yy. eTercmes LARISSA 
an Ponais ——— C 
ry CREEK 
HILL AVARRO, carves gees Loe 
—— “ lone STAR ¢ Rasen 
; roe ANDERSON CHEROKEE \ SHELBY 
Weer S eo . 
as FRE stom p er @ Rusk \APPLEBY « SWELL BY VILLE j 
fast 4 . 
. Sa hie we “SO LAKE, : . tang NACOGDOCHES 
Mc LENNAN | ‘see 2s ee 
@GRAPELAND 5 
poe red set WOOD « ¢ amovo unos = S(astorf 
Marcin eee ‘ ead ANGELINA INE, SABINE 
F pero X 4 Huntin r8n 
aS on 1 oe ; sees 
*@ORULAN “ 
oe torr Cn Ror a 
eet 
-. ae 
ee 
TEXAS ; @ ol FIELOS 
Q GAS FIELOS 
| <> NEW DEVELOPMENT 
ae = WELLS ~DRILLED TO SALT 
o cd io jo 40 so 40 TO 4° 


SCALE IN MILES 


Fic. 1.—LOCATION OF OIL AND GAS FIELDS, EAST AND EAST CENTRAL TEXAS. 
(Texas Railroad Commission Districts 5 and 6.) 


iy 


472 


| Line Number 


ND TOrWONe 


17 
19 


21 
22 


25 


DEVELOPMENT AND PRODUCTION IN EAST AND EAST CENTRAL TEXAS IN 1943 


TABLE 1.—Oil and Gas Production in East and East Central Texas 
ee ee 


Field, County p> 

5 

a 

2 

6 

2 

= 
Appleby,! Nacogdoches............-- 1943 
Barron,! Limestone............----- 1939 
Bazette, Navarro........--++:++++5+ 1939 
Beulah (Lee-Tex), Angelina......... 1935 
Boggy Creek, Anderson, Cherokee... .|1927 
Bolivar, Dentogy... i. <<csavercyotelsvas caren 1937 
Bosque, South, McLennan.........- .|1902 
‘Bufislo,? Leottesceps vacate ae 1934 
Camp Hill, Anderson..............- 193E 
Campbell; Hustlin’ i222: curiae ssc 1943 
Carthage,!'5 Panola.................|1936 


Cayuga,? Anderson, Henderson, Free- : 


stone. 


Cayuga (Trinity),? Anderson........ 
e 
Cedar Creek, Limestone............- 


Chapel Bill)? Smiths 5.22. eas -.d-. 


Coke, WV OGM: ence nar enamine 
Collinsville, Grayson : 
Concord, Anderson......... 


Corsicana,® Navarro 


Currie,?7 Navarro 
DeBerry, Panola 


East Texas,? Cherokee, Gregg, Rusk, 
Smith, Upshur. 

Flag Lake, Henderson............... 

Ginter, Angelina. acstck wacaane es: 


Grapeland,? Houston 


Groesbeck, Limestone............. 


Hawikins:* Wood tn. scrc sani jeaercen 
Hemby (Elkhart),! Anderson 
Henderson,? Rusk... .....0....0. yen 
Huntington, Angelina........... 


1930 


1937 
1936 


1936 


1913 
1924 
1941 


1940 
1938 
1943 


.|1936 


Gas Production, 


Number of Oil 


Oil Production Total, Bbl.° Millions Cu. Ft. [and/or Gas Wells’ 
a gS 1943 
n a 
2 a 
4 2 
a Y - on 
5 . To End | During | *S 
E To End of 1943 | During 1943 rn of 1943 | 1943 3a 3 3 
=| oH nee to) 
a g a ae 
3 3 ge | 2s 
& I ica) S a 
< A o oO a 
20 x x x x 1 1 0 
300 4,716 1,164 4,564 | 1,472 6|0 1.0 
100 235,936 47,843 x z 9} 0] 0 
10 750 me lleu z 0 1° 00: Jeu 
960 5,172,643 60,260 x x 33 (ify 
600 14,911 465 z 2 |" = 10 hero iees 
2,500 116.397 2,766 z a | 39) [eon 
20,366 4,744 i 0 
7,500 { ge! a 9,971 | 2,379 o| o 
200 289,030 0 0 z 0 10 0} 0 
80 25,470 25,470 x x 2} 2] 0 
8,000 440,314 | 182,882 26,419 | 11,334] 26] 8 | 0 
2,132,543 | — 466,529 a 
9,700 { Ee seer un 148,014 | 23,931| 336 | 0 
521,045 49,247 
40 { aye Baas t 24,991 | 2,554 6.) osteo 
30 330,600 0 | 0 z o| uw] o| 0 
1,713,570 | 611,003 ) |. 

10,000 1 a 870,058 | 249] 29,204] 11,361} 66] 11] 1 

150 0 o | 0| 4,750 Oo}. Boke 

1,200 540,107 | 486,924 |261 38 34] 30} o| 0 

100 35,770 718 0 0 we 

20 15,143 3,534 |249 z = ik -0.)-6 

6,710/ 14,718,264 | 127,206 z 2 | 14498) “193 

475 6,976,343 35,656 0 o| 55| 0] © 

100 29.166 0 | 0 z o| 2] 0] 0 
13,216 494) |. } 

136,000 { +,960,512;008 198,568,647 f 256] 737,608%| 45,5858|27,387 | 0 (388 
405 576,372 36,642 [249 z =| “abet 
60 42,284 | 4,020 249 = z 4-15 que 

6,769,400 | 1,434,662 
6,000} {Sit soe cot 36,501 | 10,433] 42 | o| 1 
r z z z = 30 0 0 
x z zr z x 5 0 0 
10 3,257 981 4,032 | 2,725 a oa: 
15,455 3,308 Q |, 
8,500|{ 91 35785 | yoog'see t l27t] 8.846] 5475] 407 | 31 | 6 
100 4012 +530 1,162 2 x1 ote 
1,538 538 
40 { wiv soo} 110 43 23 <9.) ats 
100 14,463 492 z = 0) 12m rOueao 


> Footnotes to column heads and explanation of symbols are given on page 270. 
poe “hig ely 
2 Condensate and oil field, upper figure condensate production, lower figure oil production. 
5 Includes Hull and Pulaski Ferry. = 
§ Includes Mildred, Angus-Edens, Hodge, Burk-Rice, Oil Ridge and Old Powell Shallow. Number of completions is approximate. 
7 Includes North Currie. 
8 Includes estimate of gas produced with oil and gas produced from gas wells. 
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mae opens | Line Number 


Wells Producing? 
Dec. 1943 
Oil 
| 3 
. Sa 
& | $8 \2 
i < a 
0 0| 1 
0 0} 6 
0 s| 0 
0 0} 0 
0 16} 0 
0 1} 0 
0 35| 0 
8 0 0} 9 
9 o| 0 
10 0 2} 0 
11 0 0} 23 
12} 128 | 140) 50 
18 1 o} 5 
14 0 0} 0 
15] 42 6| 17 
0 
6 
1 
1 
607 
14 
0 
8,214 
11 
4 
0| 33 
0} 0 
0} 0 
0} 0 
28) 369 25) 1 
29 0 o| 1 
30 2 0| 0 
sil "0 1] 0 
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3 South dome. 
4 North dome. 
§ Corrected to 4075 ft. subsea. 
17 § indicates Shoreline. 


Reservoir Pres- Char- Deepest Zone 
sure, Lb. per acter of Producing Formation Tested? to End of 
Sq. In. Oilé 1943 
2 
= a= 
zis |° ex 
etre a é Name and Age + s/ESS| oge 4 Name . 
Le = -s|/ 0 ow o ee 
a [So (ses! 2 = Sojaee| $45_| 3 oe 
‘a 32 | SS S| 4a E SW Sa 8/582] 8 i= BC) 
2 |g2 [3les/3 A Ee] BSS |2E23| § es 
A la" dio “la 5 jah aes) ae a at 
z x} |51.7/z | Travis Peak, CreL | S z} 8,610 30) A | Travis Peak | 9,295 
659} =| /61 jz *|L.Glen Rose, CreL| L | 15] 5,584 25 | AF | Travis Peak | 6051 
1,300 z| (42 |z | Woodbine, CreU 8 23] 2,992 15 | AF | Woodbine 3,008 
z a) 24 |e Queen City, Eoc s z| 2,045 5 | ML | Carrizo 2,324 
1,680 z| (38 jz | Woodbine, CreU 8 25] 3,632 34 | DS | Fredericks- | 4,648 
: ur 
z z| |40 |z | Cisco, Pen SL z| 1,630 25] AF Siaatrgsr 2,530 
z z| 41 iz iat L x 450 3 | AF | Trinity 1,800 
‘re! 
3 48 2 ms . 
peer a| [a5} | | Woodbine, Cre | 8 | 20 { S303) 22/1. | Washite, | 299 
Sub-Clarksville 
1,950 z) {41 jz |{ (Eagle Ford) Ss z) 5,054 5 | AF | L.Glen Rose| 8,383 
/ Woodbine, CreU 
1,830 z| |32 |z | Paluxy, CreL S | 15] 4,350 10 | AF |Glen Rose | 4,800 
|55 | L. Glen Rose, CreL| OL 19| 4,984 20 IMC 
z z}4 64 jz | L. Glen Rose, CreL} L 23} 5,930 10| D>}| Travis Peak | 6,596 
61 L. Glen Rose OL z| 5,825 z|MC 
ie (Pettit), CreL 
1,750 | 1,288) C|}99}| | Woodbine, Cre | 8 | 25) 3,080/{ P24) ap | trinity 9,085 
3,525 | 2,500] C\{33\/r®| L. Glen Rose, CreL| L | 20) 7,600 10 | AF | Trinity 9,085 
z z| |87 \z | Woodbine, CreU 8 25| 2,885 10 | AF | Woodbine 3,310 
2,574 z, |74 |z | Paluxy 8 23) 5,600 50 
3,700 z}| \63 |z |L. Glen Rose OL | 135) 7,400 25 
(Rodessa), CreL A | Travis Peak | 8,600 
4,000 z| |43_\|z | L. Glen Rose 10} 8,000 24 
{Pettit 
rsicana : 
250} 2} | Gasiz} | (Wolte City) CreU \s | 2} 880 13| A | Woodbine | 3,057 
2,705 | 2,693} {27 |2.3) Paluxy, CreL 8 21! 6,300 55 | A | Travis Peak | 8,900 
z z| |29 |z | Strawn, Pen s z| 3,848 20 | ML | Strawn 4,219 
1,620 z Ls Zz daar CreU s 25) 4,522 ty D | CreL 5,217 
acatoc! : 
a ee! { =A} z{ rg \s z| 800 { at AF | Woodbine | 3,570 
z z| |40 |z | Woodbine, CreU 8 22| 2,930 20 | AF | Woodbine 3,646 
757 z| |46 |z | Blossom, CreU 8,Sh} <z| 1,990 z | ML | Blossom 2,125 
1,620 | 1,012} { 4 z | Woodbine, Cre0 | § | 25| 3,632 35 | si7 | Paluxy 5,020 
1,394 z| |45 |z | Woodbine, CreU 8 | 23) 3,075 5 | AF | Travis Peak | 6,518 
z z| |21 |z | Carrizo, Eoc iS) z| 2,186 10 | ML | Wilcox 2,265 
2,535| 2| C|{S3'lz | Woodbine, CreU | S | 25 A | Woodbine | 6,309 
275 z| |Gas|z | Nacatoch 8 25 . 
875|  z| |Gas\z | Woodbine, CreU | 8 | 20 yar Woodbine | 3,208 
z z| |41 |z | L. Glen Rose L z AF |L,. Glen Rose} 5,796 
(Pettit) CreL a (Pettit) 
1,9909| 1,872} |25 |1.6 { Woodbine, Cre s | 30 Paluxy 6,535 
2,200 z| {59 |z oodbine, CreU 8 | 25 Woodbine 5,487 
1,900 z| |43 |z | L. Glen Rose L z Pettit 7,494 
(Pettit) CreL 
z z| |24 |z | Queen City, Eoc s z Mount Sel-| 1,490 


man 
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TABLE 1.—(Continued) 


oe a eee 


A Gas Production, Number of Oil 
Oil Production Total, Bbl.c Millions Cu. Ft.e and/or Gas Wells* 
2 g 1943 
n fo) 
Field, County = 5 a= 

> —a4 S . Oc 
5 s ; F £| ToEnd | During | © 
a 2B 2 To End of 1943 | During 1943 A of 1943 1943 3S 3 3 
5 ob Se FI as | 2 |s 
A s PY 3 og Sis 
4a al < iP) Ieee 
32! Joaquin,§10 Shelby. ......-.0...-00 1931} 6,000 204,874 49,039 44,029 | 15,753 27 0} 7 

598 3,598 
Da Kaldare27Gasae-e ss eee ees ae 1942} 1,300 { are ed 282 282 30 | 20 0 
34] Kosse, Limestone............2++---- 1922 10 33,000 0 0 z x 1 0 
35) Larissa, Cherokee......2>......0.+5- 1942 40 13,052 11,338 x z 1 0 
36] Lone Star, Cherokee............-.+-- 1938 100 ger ; eee x x 4 1 
37| Long Lake,? Anderson, Freestone, Leon |1933| 10,000 { oroteee \ 249| 97,446 | 15,617| 238 | 16 
38] Long Lake, Hast, Anderson.......... 1941 300 324,878 142,355 |249 x x 12 
39 Lotte Pals scanner meee eit ee irae 1937 x 31,899 0 0 Fs x 5 
40 Manziel, Wood... 22000. «2 00--2208 1943 400 80,568 80,568 z x 10 2 
41) Marion County (shallow)...........- 1939 670 339,821 52,909 z z 45 
42) Marlin-Satin, Falls................- 1931 10 12,830 0 0 z 0 0 F 
43] Mexia, Limestone..........-...---+- 1920} 3,920 98,904,197 514,136 2 z| 57 0 
44) Mexia (shallow),1 Limestone......... 1912} 4,094 0 0 0} 20,200 z 50 0 
45) Mount Calm, Hill..................|1929 z 27,991 2 0 0 z 0 2 0 
46] Nacogdoches,!! Nacogdoches........ - 1865} 1,000 436,194 1,607 2 z 50 0 
47| Navarro Crossing,? Houston......... 1938] 3,450 { aime 6,038 | |249] W414] 1814] 31] 0 
: 14 14 32] Br 

48] New Hope, Franklin...............- 1943 120 118,604 118,604 {207 | 27 27 gi) ge 
49) Nigger Creek, Limestone............ 1926 170 2,999,466 0 0 x 0 75 0 
50| Oakwood,? Leon....................|1939] 1,000 { eet at 0 { ss \ 6 0 
51| Opelika,? Henderson.......... Ae 1937| 7,000 { bat aD o} 34,330 | 11,748] 1441 0] 1 
52| Panola (Bethany),2"0 Panola........ 1921] 23,000 { eee ales \ 158,939 | 3,935] 355 | 0 | 12 
53] Percilla,? Houston............. ope (FOS 200 { she = \ 0 839 32 3 0 
54] Pickering, Shelby................-- 1941 20 948 0 0 x z 1 0 
55|| Pittsburg, Camp. !......05...... 05 1940) 1,400 284,160 143,427 & x 9 3 
56] Pleasant Grove, Rusk...............|1941 200 145,632 67,864 |249 x x 8 0 
57| Pleasant Grove (shallow), Rusk...... 1941 40 17,011 6,627 {249 x x 1 0 
58} Post Oak (Chilton), Falls.......... 1922 100 178,983 0 a 0 26 0 
59] Potter (Caddo),!° Marion...........|1905 980 7,727,134 21,796 z x 78 0 
60] Pottsboro, Grayson................ 1928 20 12,804 999 x rd 15 430 
61 Powell,'4 INGNG tO teste tenes rae 1923} 2,600 112,248,647 508,132 £ z 770 4 
62) Quitman, Wood,................... 1942} 2,100 650,564 647,484 /330 x = 49 | 48 
63) Redland, Angeling................. 1939 10 60 0 0 £ 0 1 0 
64| Red Lake,? Freestone................|1984] 3,000 { at a 2,090 9| 3] 0 
65] Richland, Navarro.................. 1924 440 6,680,167 10,951 z x 101 0 
66] Rodessa (Dees-Young),?"° Cass....../1935] _ 8,260 31,084,31315|  1,284,07115 117,485 8,167 | 298 0 | 18 


10 Field extends into Louisiana. 
‘Includes Chireno and Jennings field. 
12 Dual oil completions. 


1 Includes shallow production discovered and 
1® Production by horizons estimated. Includes 


roduced since 1923 in the Powell Woodbine producing area. 
tillate production. 
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Wells Producing? Reservoir Pres- Char- 


Deepest Zone 


Dec. 1943 oe ay per es Producing Formation Tested» to End of 
Oil iS 
5 3 
ip mm 3 4 >) | 
foo a a F a 
4 s ~ |p a. & Name and Aged = bes es & 2 et: r Name “ 
ARSE a Ss (2/28! 2 | 2 Ss, SEs 2% | 5 38 
a] —£ |ela| & |s8|8/2S/s | § pel de Bets) s as 
ss] & 2115| § jade" | & |S&%|SeS| Fea4| 5 aa 
j- - ——— — | — 
. # ‘ec Rose, | L z| 4,097 10 
0 10 Cc e 
; 0 2,550 2} 0/48 |x Lower Glen Rose,| L x} 5,070 30 D | Glen Rose 5,138 
4 CreL 
33; 26 3} 1} 2,750| | |41 Iz |L. Glen Rose |x | 16 5,973/f 5%) ar 
: : | : L.Gl 6,205 
(Gloyd) Cre | { 15 j ie 
: | Young) 
84 0} 0 z z| |382 |z | Unknown z rz r z | Crev | Glen Rose 6,056 
35 o| 0 z| | [48 |x{ | Lower Glen Rose} | on | P} 10,163 z| AD | Travis Peak | 10,604 
a 2| 0} 1,375] 2/85. |e | Woodbine, Cre | 8 | 2} 4,006 4| AF | Woodbine | 4,015 
, 37] 112 | 23) 63, 2,440 )2,113) C {S\z | Woodbine, CreU | S | 25) 5.170 73{| A | Trinity 9,966 
~ 38}. 10 2| 0 Zz z| |43 |x | Woodbine, CreU Ss 24) 5,335 8| D_ | Woodbi 5,417 
oy (C a =| 3 | |e ae U. Washita,| DL | | 1,250 10| AF | Edwards | 1,500 
i) 7 3} 0 z z| |84 |z | Paluxy, CreL i 
y, Cre s | 2] 6,244 15 | AF | Travis P 8,768 
SH] oo} 37 of | | 42 ir | Tokio, Cret S| 3} S336 to] A rue | 34s 
— 42 0 0} 0 Zz z| |34 |z | Buda, CreL L | 20) 1,000 20| AF | Glen Rose | 1,429 
43 0 193} 0 z z| |35 |x | Woodbine, CreU 8 25} 3,000 50) AF | CreLor older} 8,847 
44 0 0} 0 276 z| |Gas|z | Nacatoch, CreU s 25 710 40 | AF | Crel or older} 8,845 
45 0 0} 0 z z| |31 jz | Austin Chalk,CreU) C z 607 8| F | Travis Peak | 3,398 
a) 0 38) 0 z z oa z | Weches, Eoc s z 80 z | ML! CreL 5,484 
47] 16 5} 1} 2,670|2,570| |{4!'\2 | Woodbine, CreU | S | 24 Bred) Gas32 |} DE] Woodbine | 5,968 
4 32 0| 0| 3,425 |3,425) (43 |z | Bacon Lime, OL | 15] 7,281 16 
dl 12 (Rodessa) F 
i) 3 0} 0| 3,523 /3,411) 48 |e | pee Chey. s | 13] 7,900 50|$A | Travis Peak | 8,089 
3 Pk.) CreL 
“3 0 o| 0 Woodbine, CreU S | .25| 2,820) . 15 | AF | Woodbine 3,509 
7 50; 0 0! 0 Woodbine, CreU | S | 2| 5,838 3| D | Woodbine | 5,913 
q L. Glen Rose 8,170 i Glen B 
61 0 0} 12 (Rodessa) CreL_ |>LS| 19 40 | AF | “petit ose) 9,740 
“i U. Glen Rose, CreL 7,195 (Pettit) 
#52) 4) 52 Naremes Grol F-75110 4o| A | Salt 11,303 
mes} of of 1 2 | Woodbine, Cre | S | 2|{ 3082] Gar 3) 1A | CreL,DelRiol 6,634 
54) o| 0 + |Nacatoch, Cre 8 | 2 1,475 20 | ML | Washita 3,343 
4 ittsburg . 
y 55} 0 9| 0 7} | (Travis Beak) OreL| $8 | 16) 7,948 35 | D | Travis Peak | 8,551 
56 3 4) 0 z | Woodbine, CreU Ss 20} 4,055 5 |F,S!7 | Woodbine 4,372 
' 57) OO 1| 0 z |Nacatoch,CreU | S | | 2,910 95 |FS17| Woodbine | 4,372 
58} 0 o| 0 z Buda Crel. L | 2] 1,025 10 | AF | Trinity 3,567 
‘g acatoc'! z 025 £ . 
p59} 0] 27] 0 et Erne eg aI { <6] 3'300 {YA | CreL (Tokio)) 2,400 
«60 0 1 0 z | Trinity (Basal) 8 z 830 8 | MU | Ordovician 6,004 
J CreL or older 
#61} 0] 152] o z | Woodbine, CreU | S | 25] 2,925 40 | AF | Trinity 6,506 
62 44 4; 0 1.1) Paluxy, CreL 8 21| 6,200 35 | AD | Paluxy 6,645 
«6683 0 0} 0 z | Wilcox, Eoc $ z| 1,021 8 | ML | Wilcox 1,032 
p64) 0 o| 2 z | Woodbine, CreU | S | 20] 4,850 25 | AF | Woodbine | 5,002 
«65 0 4| 0 z | Woodbine, CreU | S | 25} 2,975 20 | AF |Glen Rose | 5,414 
4 L. Glen Rose 
. 23 | 179] 9 z |} Dees Young), $| L | 17] 5,794 25 | AF 
re. 


. 13 Nacatoch 1100 ft. gas; Buckrange 1700, oil; Barlow 2300, gas; Adams 2650, gas; Tiller (Paluxy) 2300, gas; Werner 3600, gas; 


Jeter (Glen Rose) 5700, gas; Pettit, gas. 
4 
5G 


: 


si . 
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TABLE 1.—(Continued) 


a | 
. : Gas Production, Number of Oil 
Oil Production Total, Bbl.° Meiers Cu. Ft.e |and/or Gas Wells/ | 
A 3 1943 
Field, County s zg = : | 
5 a 2 = . O09 
P | BF | To End of 1943 | During 1943| | To End | During) =B) _ jo || 
2 a > wo| of 1943 1943 Ba e/g 
g oy & a 23 2 is | 
Zz 3 3 Eee a |48 | 
g s| $ iB ae | 
5 Pal =< a iS) 2 1s 4 | 
si) = | 
| 
67| Rodessa-(Hill-Gloyd),?1° Cass....... 1936] 11,650 9,484,94715 358,5281° 43,040 2,685 89 0 9 | 
68] Rodessa (Hill-Henderson-Gloyd),? |1937} 11,650 13,027,92415 531,278 54,407 9,261 181 0 | 23 — 
| 
69 ee ean i ee eecieie Gee 31,560 538,597,184!5| 2,173,8771° 214,932 | 20,113 568 50 | 
3:8 
R nd Baker, Henderson. . .. ./1939 80 82,412 0 0 z 0 4 0 ‘ 
Rack ‘Cathe oe Pyare tegoe 200 261,134 0 0 z 0 5 0 a 
72) Sadler, Grayson..........:....-.-.- 1943 20 166 166 z z 1 1 | 
73| Shelbyville, Shelby.......... Ae 1917 50 16,539 1,628 z z 2 0 
74\\ Sulphur Baie y mene ance wee ee 1936 855 11,084,850 1,509,342 {249 z rr 73 0 i 
75| Tacoma, Panola. . “de he ee GDS 40 15,750 0 0 z 0 3 0 ‘ 
76| Talco, Franklin, The ks male ta GO 1936} 7,850 66,848,167 9,219,557 x z 821 0 ri 
77| Tehaucana, Limestone. . attain ee ea 60 46,527 8,387 |249 z x 8 0 0 | 
78| Tri-Cities,1 Henderson.............. 1941} 2,560 61,608 27,420 160 76 4 3 0 | 
ZO MLLINI bys eH ouston ae mie eee a. ys ete 1934 120 2,047,826 151,918 |249 z ae 20 0 0 | 
80| Van (deep), Van Zandt............. 1929} 4,520 139,112,864 6,194,029 |249 =z = 582 0 0 } 
81] Van (shallow), Van Zandt...........|1933 200 353,527 21,162 z z 40 1 Og 
82 Vian: Dotalsae. a ancients, fae 4,720 139,466,391 6,215,191 622 i ] 
9 j 
83| Waskom,240 Harrison...............{1924| 7,280 { epee vere 124,389 | 10,025| 248 | 0] 0 | 
84 Weilsind Rea iassie erie ieleerealeeiee 1942 250 135,689 112,082 |331 F i 7 1 0 ) 
é 
85| Willow Springs,? Gregy.............. 1938] 6,500]{ 462,882 | © 205,402} 31,683 | 10,678; 10} 0] 0 | 
| 
| 
86] Witherspoon,-McKie, Navarro....... 1915] 400 810,495 0 | 0 z 0} 8] 0] oF 
87| Wortham,!6 Freestone............... 1924 715 23,071,114 132,183  - 0 341 0 2 | ; 
Grand total.....0......:......00e-.] [886,064 { cue werines? } 1,776,968 | 207,036 |35,498 | 171 |531 
16 Wortham Shallow discovered in 1912 included with Wortham. >| 


tically stabilized. At the end of 10943 Approximately 11214 miles of pipe line — 


approximately 306,811 bbl. of salt water was constructed in the district during the 
per day was being returned to the reser- 


voir through the 64 injection wells in the 
East Texas field. Approximately 72 per cent 
of the salt water produced in the field was 
being returned to the reservoir in Decem- ACKNOWLEDGMENTS 
ber 1943. The authors wish to thank and acknowl- 
The only important change in Railroad edge the assistance of the following named 
Commission orders for the fields in the dis- persons: Mr. Jack K. Baumel, Director of 
trict was the order permitting East Texas Production, Texas Railroad Commission, 
field operators-to transfer to other com- Austin, Texas; Mr. L. T. Potter, Lone Star 
panies or individuals bonus allowable re- Gas Co., Dallas, Texas; Mr. P. A. Robert- 
ceived for injecting salt water. son, Gulf Oil Corporation, Houston, — 


year and only 44 miles was removed. 
Table 5 shows the pipe-line work during 
the year 1943. 


ee er 


} 
| 
| 
voir in this field, the pressure can be prac- CONSTRUCTION OF Or Pier LINES : 
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TABLE 1.—(Continued) 


Wells Producings Reservoir Pres- Char- D 
Dec. 1943 sure, Lb. per acter of Producing Formation Pa oid a of 
Sa. In. Oil’ 1943 
Oil tS 
5) on 
me _— 
he he ‘ 2. bo 
! q Z 3 |p a. & Name and Age? Alcs pe 2 a* i Name " 
B| 2 |2 _ a eeels § les/see|aae |: st 
's| £ |esla| 2 |e2/8les|5 GBs ea 8|/ ears! § a 
S| & |e i5| 8 [27 le64/a & |E*|AeS| <2] 3 am 
ee) - le 
. Glen Rose 
67 15 28] 8) 2,700} 702)P/42 Iz ay tig CreL | 5,L| 16} 5,914 20| AF 
. Glen Rose (Hill- 
«68 35 61| 15] 2,677 | 1,399) /42 |z | Henderson-Gloyd)| S,L| 15) 6,044 20 | AF 
69 2 = 
73 268) 3: Sats CreL or | 11,484 
70 0 0} 0 Es z| |32 |z | Woodbine, CreU 8 20) 3,140 6| AF W odbi 3,1 
» U ’ 149 
71 0 0} 0 z z| |42 |x | Woodbine, CreU $ 20} 5,120 10 | MU Woodbine 5,302 
72 0 1} 0 z z| |25 |z | Strawn, Pen s z| 7,160 10 | M | Simpson 8,403 
73 0 1| 0 z z| |38 jz | Blossom, CreU §,L z| 3,196 10 | ML | Georgetown | 3,520 
74 0 73| O| 1,900 z| |23-|z | Paluxy, CreL Ss 25) 4,487 36 | AF | Glen Rose 6,600 
75 0 0| 0 z z| |46 |z | Blossom, CreU 8 z| 2,073 10 | ML | Blossom 2,302 
+ 76 14 709} 0} 1,920 z| |21 |x | Paluxy, CreL $ 20| 4,200 35 | AF | Salt 9,048 
es 7 0 3} 0 z =z} |21 |x ——_ CreU 8 z| 2,640 10 | AF | Georgetown | 2,825 
Bo o| 4} 3,650] 2) Jeo |2{|H Glen Rowe | }/ L | 2] 7,608) 20) A | Travis Peak | 8,474 
79 0 16} 0 870 z| |24 |z | Carrizo, Eoc $ 25} 1,987 25 | Ds | Wilcox 5,500 
80) 321 241) 2 1,230 | 1,078} |34 |z | Woodbine, CreU Ss z| 2,682 129 | AF | Travis Peak | 7,501 
#81 0 31; 0 z z| |31 |z | Nacatoch, CreU NS) z| 1,200 20 | AF | Travis Peak | 7,501 
82) 321 272) 2 
z z| |35 |z | Nacatoch, CreU s z 800 
83 1 16} O|4 2,268/ 2,125) |59 jz | Blossom, CreL SH 15 x 15-40 | $A | Travis Peak | 6,490 
- 2,660 | 2,217} |59 |z | Glen Rose, CreL L 12} 6,282 
84 7 0} O} 1,242 z| |36 |x | Woodbine, CreU 8 33] 2,750 14 | AF | Eagle Mills | 9,523 
* z L. Glen 6,768} Gas 2 
’ (Rodessa) 
85] 0 o} 7] 3468] | Clq S72 T Glen Rose, | on | al 7,244] Gas 35 | pD | Cotton Val | 10,284 
| L. Glen Rose 7,298} Oil 10 ley 
; (Pettit) 
“f 86 0 0} 0 z z . z mer CreU P 14 a 19 | AF | Woodbine 3,480 
z acatoc z) 1,361 6 
| ° 30) 0 “| * { 37 |z | Woodbine, CreU | S | 25] 2,990 35 \ar Glen Rose | 4,825 
__ 88/17,775 | 10,998|339 


$ 
’ Texas; Mr. J. S. Hudnall, Tyler, Texas; Fort Worth, Texas; Mr. C. V. Millikan, 
Mr. Melbert Schwarz, Seaboard Oil Co., Amerada Petroleum Corporation, Tulsa, 
_ Dallas, Texas; Mr. K. A. Covell, The Pure Okla.; Mr. E. L. Rawlins, Union Producing 
Oil Co., Fort Worth, Texas; Mr. George L. Co., Shreveport, La.; Mr. L. A. Hancock, 
Z Nye, Tide Water Associated Oil Co., Magnolia Pipe Line Co., Greggton, Texas, 
_ Houston, Texas; Mr. K. W. Haley, Barns- and the following Magnolia Petroleum Co. 
- dall Oil Co., Tulsa, Okla.; Mr. O. E. employees: Dr. Ivan Alexander, Tyler, 
~ Mecham, Shell Oil Co.; Kilgore, Texas; Texas; Robert A. Armstrong, Jr., M. S. 
- Mr. H. B. Hill, Bureau of Mines, Dallas, Priddy, L. T. Daniel, J. F. Mayfield, and 
. Texas; Mr. Morgan J. Davis, Humble Oil Mesdames Jessie S. Myers, Grace V. 
and Refining Co.,- Houston, Texas; Mr. Sherman, Martha A. Farrish and Claire 
Wm. J. Nolte, Stanolind Oil and Gas Co., R. White. 
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TABLE 2.—Summary of Drilling Operations in East and East Central Texas 
AND ImporTANT WILDCATS DRILLED DURING 1943 


DISCOVERIES, EXTENSIONS, 


i 


: 
. 


“* 


Producing Formation ~ | 
County Drilled by bie Barta: = Survey Comple- 
S Name ae 
Z Depth, 
S Feet 
5 
1 P. D. Bowlen et.al. 1, A. L. Simms H. G. Williams 
2 .| J. F. Lucey & §. A. Guiberson, Jr. | 1, D. H. Moyar Thos. Johnson No. 678 
3 Tide Water-Seaboard Oil Co. 1, A. J. Bacon John Maximillian hos : a 
ravis Pea ; 
4 Carter-Gregg Oil Co. 1, M. L. Steward James James Woodbine 4,001 
5 Denver Prod. & Ref. Co. 1, R. H. Jewell William Allen Strawn 7,160 
6 Humble Oil & Ref. Co. 1, Jessie A. Rutherford | Samuel Lindsey 
7 Humble Oil & Ref. Co. 1, F. F. Graham William Elam 
8 Stanolind Oil & Gas Co. 1, H. C. Tilson Heirs | Chas. C. Dale Paluxy 4,358 
9 Sun Oil Co. 1, J. M. Rutledge E. Parsons : 
10| Nacogdoches. ..... The Texas Co. 1, G. W. Strahan M. J. Ariola Travis Peak | 8,610 
fl Panola so eae ee W. C. Feazel et al. 1, H. C. Jordan A. Moorman Upper Pettit | 5,778 
Lower Pettit | 5,944 
2) Panolaene sae eente Union Producing Co. © 1, Cash Black C. Black Upper Pettit} 5,695 
13) Rusks eos eee a preys Lee Oil Co. & Bea- | 1, J. H. Allen Taylor Brown Pettit 7,250 
con Oi! 
14) Smiths sae as « Patrick & Tyrell Drill. Co. 1, C. L. Wycliff © Samue! Leeper 
AS) Woods. Atnccessc 5 B. B. Orr 1, J. C. Rainwater Jason Sherman 
NGI WioOd Jossenmeaeure Plains Production Co. 1, Mit Cox Joseph Simkins 
LZ Wood teemeecnttc se Jackson & Fisher 1, O. M. McCorley H. Anderson No. 274 
18) Wood) cicsinscterss Bobby Manziel et al. 1, W. F. Bailey 8. Burch Paluxy 6,319 
Initial Production Pressure, Lb. per 
per Day Choke or Sq. In. 
Deepest Total Bean, 
a Horizon Depth, Fractions Remarks 
ZS Tested Ft. Oil, Gas, of an 
© U.S. | Thousands} Inch Casing | Tubing 
& Bbl. Cu. Ft. 
S| 
1) Smackover 8,987 Dry hole 
2) Paleozoic 4,504 Dry hole 
3) Travis Peak 8,090 i i nt ao Hehe me a Hope ee o- completion 
, %4 iscovery we ew Hope fie ual completion 
: ie othe eee one 25,000 14 1,420 | 1,400 | Discovery well, Stewards Mill field . ; 
: eee cae 35 ee well, Sadler field 
F 0) 
7| Eagle Mills salt | 9,523 Dry hole 
ada ee 121 Pump Fee well, Campbell field 
; ole 
e arayis Ao one 28 ae 4 Discovery well, Appleby field 
} 79,000 1,100 | 1,300 | Extension well, Carthage field 
12) Travis Peak 6,576 89,000 Extension well, Cartha; 
é 5 A k ge field 
13] Pettit 7,487 | 231 % 750 340 | Discovery well, Henderson field 
i anes ee es noe, oil shown in Paluxy 
16| Travis Peak #000 Dry hielo 
aluxy 506 i hole, show heavy oil in Woodbine 
18) Paluxy 6,361 | 247 14 170 175 | Discovery well, Manziel field 


ne een en NE ee ee ee ‘ 
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TABLE 3.—Production Statistics, East Texas Field* 
Average Res- s 
a A a 2 
pt ervoir Pres- SS Number of Date, } sheet al Production, Number of 
“or _ Sure = (42 U.S. Days Shut Year sure at Bol. Days Shut 
re 3300 Ft., Gal.) Down 1943 —3300 Ft. (42. U.S Down 
. per Sq. In. : Lb. per Sq. In. Gal.) 
aw, Eos s.. I,O15. 
ye tt: : es 7z E085 032 viv AUS. Do... r.002 22 11,413,879 8 
Sage ee Sey = eet Tack 1,008. 46 11,383,315 vi 
iy , : ? ’ iciReens an 1,010.60 1398, 
C, aa R Saat eet Soe iene 9 NOWenkce sn S caeLGH * “38 she ; 
ee ,0I9. 10,509,31 10 Sede 344, 
me June I..... 1,016.21 neces Io ee jee Ehgubhein : 
RY Ee. 3 os 1,016.98 11,427,879 8 Average 
and total 1,014.20 128,568,647 107 


a Data from Texas Railroad Commission. 


TABLE 4.—Oil Recovery Data on Older Woodbine Fields as of January 1, 1944 


Barialative Net Cumulative 
, Field Grunts . Proved | Thick- Production, 
ty eee INeseS nee Acre-feet Bbl. per} 
4 Ft. Acre-foot 
- Boggy Creek.............| Anderson, Cherokee 5,172,643 60 2,640 158 
se “Cayuga................-.| Anderson, Freestone 29,118,028 enc os ban toe aoe 
s! isic3 earings i 
a MS be carc. + etn) «ck LA VRTLO 6,976,343 475 20 9,500 734 
Mun toast LExas. ....-..6.--:. | Cherokee, Gregg, | 1,960,512,0 136,000 60,0 
: ak Siok, “Ure 5 93 39, 35 4,700,000 412 
, | .shur | 
» Flag Lake...........---- | Henderson } 576,372 405 5 2,025 285 
(Te eee ae TS eee | Limestone | 98,904,197 3,920 50 196,000 505 
me Powell.....-.-..-..----- Navarro 112,248,647 2,600 40 104,000 1,079 
IC TOR IASI. «65 15-5 1 ~ ahora sms =x Navarro 6,680,197 440 20 8,800 759 
a Wail (DICED)... esse as ess Van Zandt 139,112,864 4,520 129 583,080 239 
IGT Freestone 23,071,114 715 35 25,025 922 
Cedar ERRORS ie Sie oa wa 2 es Limestone / 330,600 30 10 300 I,102 
f apres: ceekts.. 2. cess Limestone | 2,999,466 170 I5 2,550 1,176 
eR ROR ek ret Bin icy eed 3.0. 2 Cherokee | 261,134 200 10 2,000 sae 


¢« Abandoned fields. 


"7 
“4 TABLE 5.—Pipe-line Work in East and East Central Texas during 1943 
al 
| P Company | Origin / Terminal er ae Remarks 
a } 
a CONSTRUCTION 
‘d Atlantic P. L. Co.-...-. Kinsloe Station | War Emergency P. I 8 |Connected to W.E.P.L. 
Y . Inc. 16-in. heating oil line 
.: Beacon Oil & Ref. Co....| Henderson East Texas Field 34 4 Completed to refinery 
™ Central P. L........--.-| Hawkins Big Sandy 6 4-5-6 | To tank-car loading rack 
# ©6CCentral P. ) DE or ee: Quitman Hawkins 24 4- Connects with Central’s 
a 4-in. line at Hawkins 
Iowa-Payne Oil Co...... Weiland Dixon 3 3 To loading rack 
Lone Star Gas Co......- Cayuga Dallas 24% 16 Loop between Cayuga 
Re 1044 12 field and Dallas 
me Talco Po Lr. ..-+.---++-- Coke Mt. Pleasant 24 6 Completed 
) 5 7 A ; 
Z TRESASGE Us. CO. cncine: = Pleasant Grove | Henderson Station 2} 4 Com leted gathering line 
_ War Emeregency P. L...} Longview East Texas Field 5 16 Field gathering line 
War Emergency P. L.. Weho Junction | Longview 6 12 Completed crude line 
i. 
_. 
a REMOVAL 
7, 
a > 
Me. Atias-P. L. Co.......«.- Longview Greenwood Road,| 44 Purchased by Humble 
ia : : p | Louisiana Oil & Ref. Co. 
ee Ce oe 
o 
te 
¢ 


bia 


Oil and Gas Production in the Upper Texas Gulf Coast during 1943 


By P. B. LeavenwortH,* Memper A.I.M.E. anp W. H. Hovcu* 


DEVELOPMENT in the Upper Texas 
Gulf Coast during 1943 resulted in the 
discovery of 11 new fields as compared 
with 312 discovered in the same area 
during 1942. 

Of the 11 new fields, eight are classed 
as oil and/or condensate and three as gas 
fields. ; 

In addition to the new discoveries, 
several more or less important new horizons 
and extensions were encountered in some 
of the older fields, as noted in the text under 
the heading ‘“‘ New Pays and Extensions.” 


DRILLING 


During the year, 418 wells were drilled, 
as compared with 356 drilled during 1942. 
Of these, 323 were field wells, of which 
188 produced oil, 21 were gas wells and 
114 were dry holes. The remaining 95 
were wildcats, 12 of which produced oil, 
4 produced gas and 79 dry holes. 

Distribution of the wildcats with respect 
to the various trends may be summarized 
as follows: 


Period Tests | Discoveries | 
Miocene inten tems scenes 4 te) 
TIOL Suede siaiskte Som Sard eile 49 4 
Megiley. yaa ciowh Memal a antted ahens 19 4 
WWiallGom: tka e.: prnetoe hon ee 23 2 
PRODUCTION 


Production in the Upper Texas Gulf 
Coast during 1943 amounted to 136,- 
852,246 bbl. which is a substantial increase 


Manuscript received at the office of the 
Institute April 8, 1944. 
* Gulf Oil Corporation, Houston, Texas. 
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over the 91,340,492 bbl. produced in the 
same area during 1942. 

The production statistics in the text 
and the accompanying tables include 
condensate or distillate as oil production, 
because many Gulf Coast fields produce 
oils with a wide variation of specific 
gravities, all of which are commingled in 
pipe lines. 

Table 3 shows by counties all of the 
drilling and production data applicable 
to this particular area. 


OUTSTANDING FIELDS OF 1943 


The Upper Texas Gulf Coast covered 
in this report has 178 more or less active 
oil and gas fields, including the 1943 dis- 
coveries. Of these Table 4 lists those that 
were most important from the standpoint 
of production. Each of these fields pro- 
duced in excess of one million barrels of 
oil during 1943. Some of the interesting 
facts to be noted from this list of some 
26 ot] fields are: (1) four of the fields— 
namely, Conroe, Hastings, Friendswood 
and Thompson—each produced more than 
to million barrels during 1943, whereas 
Conroe and Hastings were the only 
fields that produced 1o million barrels 
during 1942; (2) some of the older fields 
(discovered prior to 1920), such as Barbers 
Hill, West Columbia, and Hull, are still 
producing in excess of one million barrels 
annually; (3) some of the fields more 
than doubled their 1942 production—e.g., 
Anahuac and Friendswood. The large 
increase in production in practically all 
instances is the result of increased allow- 
ables from wells drilled prior to 1943 and 


| 
| 
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does not in any way reflect a substantial 


increase in reserves; (4) 20 of the 26 
fields produce from the Frio, which is 
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production of 88 bbl. of 51° gravity oil 
through 14 and 3¢-in. choke series. The 
well is shut in because a pipe-line outlet is 
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—-—-9000' Wilcox 
-9000' Heterostegina 
@© 1943 Discoveries 


Upper Texas GuLF COAST, SHOWING DISCOVERIES OF 1943. 


still the dominant producing horizon 
in the Upper Texas Gulf Coast. 


DISCOVERIES IN 1943 


Chesterville, Colorado County.—Magnolia 
Petroleum Co. completed its No. 1 A. H. 
& B. D. Anderson on Sept. I, 1943, 
from two horizons: at 6850 to 6860 ft. 
ina weet? sand, initial production 44 bbl. 
of 55.3° gravity oil through a 14-in. choke, 
gas-oil ratio 131,000°1, and at 9500 to 


gsqo ft. in a Wilcox sand for an initial 


not available. No other wells were drilled 
during 1943. 

The importance of the discovery is 
difficult to assess at. this time. Indications 
are that it will be a multiple-sand gas- 
condensate field. 

Cistern, Fayette County—Gas was dis- 
covered in the Cistern*area in 1942 when 
Continental Oil Co. completed its No. 1 F. 
Gobitzch in a Wilcox sand for 144 million 
cubic feet gas daily. The same company’s 
No. 1 Tom E. Cockrill, approximately 
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TABLE 1.—Oil and Gas Production in Upper Texas Gulf Coast 1943 
Oil Production Number of Oil | Wells Producing? 
Total, Bbl.c and/or Gas Wells/ Dec. 1943 
> Area 1943 Oil 
Field, County 5 Proved, 5 
oD 
5 oy eee ToEnd | During | =F | |< 
g a of 1943 1943 ooe le I cpl 
Z 5 eo |S/E| 2 |e. 
g g a | 8/2) 8° 1eats 
jo ical iS) oO < <I <x Ke 
1} Abel Borden, Wharton................. 1940 40 48,304 2,397 if i) z z {20 
2) Ace, Shallow (Schwab), Polk........... 1934 210 150,728 x 5 0| x z z| 0 
3] Ace, Wilcox (Schwab), Polk............ 1939 250 396,699 68,419 5 0| 0 4 Hy Mecth 
4) Aldino,niainis toe. kee ee scherean 100 109,632 31,721 3 fz 2 0! 0 
S| Alief: Atwmts arts ciitos .aatead a ncteBens « 100 2,051 1,967 2 lj z 1 0.40 
6} Allen, Brazoria 10 90,832 0 2 0} 0 0 0! O 
7| Alta Loma, Galveston.............+.+-- 240 695,507 176,606 6 0| 0 6 0} 0 
8] Amelia, Jefferson...........2...0000-+ 1,000 8,760,892 | 1,670,652 115 Oj z 104 0; 0 
9] Anahuac, Chambers.............-...+- 7,000 32,570,320 | 8,901,732 389 Ij x 349 4) =z 
10] Angleton, Brazoria.................00- 700 638,192 1,257 8 0} x 1 0} =z 
11) Armour, Matagorda.................-. 125 174,426 10,254 3 0} z 1 Ll) 
12) Arriola, Hardin. ........00curvsss«s- 100 2,432,227 113,980 21 0] z 0 12 0 
13] Bailey's Prairie, Brazoria : 40 +766 z 2 0] Zz Pl Ze 
14) Bammel, Harris.......... 2,200 958,738 40,000 20 0} z 1 z x 
15] Barber's Hill, Chambers............ hs 500 79,321,872 | 2,343,308 426 0) x 21 104] 0 
16] Batson, Shallow, Hardin............... 500 38,371,076 131,393] \ 1 19 0 z{ 0 | 151} O 
17] Batson, Deep, Hardin................. 150 2,368,012 93,636] § 7 1 Cameo 
18) Bay City (Van Vleck), Matagorda....... 1934 1,240 6,485,223 | 1,221,148 59 0} x 52 10 
19] Big Creek, Ft. Bend..:...............- 1922 240 10,326,736 180,133 91 0} z 0 15 0 
20! Big Hill, Jefferson.............-..-.+- 1923 50 14,098 0 6 0| x 0 071-0 
21! Blessing, Matagorda................... 1940} 2,000 25,358 x 7 0 x z| z 
22! Blue Ridge, Ft. Bend.................. 1919 400 12,195,529 193,027 218 0| z 6 41 0 
23) Boling, Wharton-Ft. Bend.............. 1925 400 8,270,881 384,344 249 72 12 36 0 
24! Bryan Heights, Brazoria............... 10 z 1 0) 0 0 0; 0 
25/ Brenham, Washington................. 50 388,425 2,401 37 0} x 0 6| 0 
26] Brookshire, Waller-Austin 22,420 538 1 0} z 0 0} 0 
27| Buckeye, Matagorda................... 200 874,347 44,505 5] jz 2 DalanQ 
28) Buck Snag, Colorado.................. 40 13,588 13,443 1 0} 0 1 0| 0 
29) Buttermilk Slough, Matagorda 50 10,774 zr 1 0} 0 0 0] 0 
SO Call Newtonssucrs eaoeeee cae 100 11,500 0 1] O10 0 0} 0 
31] Camp Eleven, Tyler................... 80 166,290 90,242 2 0} z 2 0; 0 
32! Caplen, Galveston..................... 510 817,754 308,912 21 ljz 14 0 = 
33! Cedar Bayou, Chambers................ 40 23,035 1,802 1] Oz 0 Ite G 
34! Cedar Point, Chambers................ 560 1,910,384 649,129 19 2) 2 17 0} z 
35] Cheek, Jefferson...................... 60 72,810 z 3] Ol2 £ ee Allige 
36] Chenango, Brazoria................... 120 75,366 17,506 3 0] z 1 0 0 
37! Chesterville, Colorado........ 100 Shut in 1 110 Shut in 
38) Chocolate Bayou, Brazoria 500 414,344 77,848 4 Ol z 2 0 0 
39) Cistern, Fayette..................... 40 2,019 2,019 2 1/0 1 0 |5/1 
40) Citrus Grove, Matagorda....... 40 0 0 1 1/0 0 0 1 
41! Clam Lake, Jefersan® ti peceene ne x. 550 617,855 201,642 16 llz 10 4 z 
42! Clay Creek, Washington............... 340 4,768,517 22,245 70 lz 3 45 | x 
43) Clear Lake, Harris............0.0.. 00. 1938} 2,100 3,252,194 | 1,443,127 62] 0 37 1|oz 
44) Cleveland, Liberty.............0..0.0.. 1933 700 1,532,263 79,010 21] Oz 1 Tats 
45] Clinton, Harris....................... 1936 150 357,731 39,953 16] Oz 5 ee 
46) Clodine, Ft, Bend..................... 1941 850 501,483 282,047 21] 10] 0 21 0} « 
47! Collegeport, Matagorda............. 1939} 3,900 0 0 7| Oz 0 0 
48 Conroe, Montgomery................... 1931} 17,660 161,943,397 | 19,957,155 991 0} z 829 88 EF 
49! Cotton Lake, Chambers 1936 17. 932,110 86,942 12 0O| z 2 69/6 
% x 1 1} 0 1 0; 0 
9,874,265 70,477 132 bee 0 27 0 
905,253 171,289 \ 29 8 3 ll 0 
184,560 168,424 bs { 5 0] z 
8,557,020 578,956 127 Oj x 40 25 eA] 
= x 3 Zz) zx z chi 2 
1,392,147 605,155 52 3| x 39 10 oe 
7 904581 608,662 ri ie hs wits 
994, 5 38 | 
1306361 | 211935 ¢ U8] 3 ={ 0} 
3,877,195 491,392 39 0] x 15 z 
13,966,562 | 2,716,712 309 Oj z 16 z 
4,875,342 1,240,008 66 0} 0 12 E 
1,128,768 3 oles 
0 On are: 
0 1] 0 
1 0 0 
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TABLE 1.—(Continued) 


‘ 
pahpa Ba Producing Formation eae as 
Fa 
S ad 
8 Avg./ E ns bo = 
ee : Oy SH=| : 
7 eI Initial ree 2 os -o Name and Age? i lee > B= eos) 3 Name 33 
& oO S ho| o S i “os Ey 
ra: 2|23| 22 A | 58] Bos (Eee) & Bg 
in! n)o 2) Sila ra] ik al ra 
1 z z {0 |35 | « Frio, Olig S | Por] 4,758 | 10 | z | Frio 6,557 
2 x z {0 |40-53) = Cockfield, Eoc S | Por | 4,805 10 | D | Wilcox 8,553 
- "3 z z |0 {34-36} 0.10 | Wilcox, Eoc S | Por | 7,748 20 D | Wilcox 8,553 
4 z zx |0 |37-66) =z Yegua, Eoc S | Por | 6,622 10 D | Cook Mountain | 7,664 
5 x z 10 | 52 zr Yegua, Eoc S | Por | 7,910 25 | x | Cook Mountain | 8,637 
6 z xz |0 z = Miocene, Mio S | Por | 4,362 z | Ds | Miocene 5,958 
vA x z {0 |34-38) ~z Frio, Olig S | Por | 9,160 18 | D | Frio(Mar), Olig | 11,117 
= 8 925 z |o 27-29) x Frio, Olig S | Por| 6,778 | 10 | D | Vicksburg Olig | 7,882 
9 3,260 z |0 | 34 0.08 | Frio, Olig S | 27 7,145 60 D | Frio 8,749 
10 * z |0 a z — on 8 io att : a = 11,451 
11 z z |0 |33-87) =z rio, Olig or | 6, rio 7,531 
12 zr z |0 |30-34| =z Mio & Frio, Mio, Olig | S | Por | 3,000 50 | Ds | Vicksburg 6,743 
B = z 10 | 46 = a ‘di a eer ss Frio 11,860 
5 or | 6, 0 i 10, 
15 | 2.10 [25-20] = Cap, Mio, Og S Por | $00 | 90 | Ds fe 3150 
16 z z |01|. " | Cap, Mio, Olig ‘or z IS ; 

= 17 z z \0 } 24-38) = { Yegua, Cook Mt., Eoc} S | Por | 4,600 30 | Ds | ¢ Cook Mountain | 6,828 

> 18 x z |0 |35-36) 0.087 | Frio, Olig FS [20 aye, 023 z Vicksburg 11,465 
19 z z {0 |20-42) 0.12 > ogee Frio, Pli, Mio,| S | Por | 800 21 | Ds | Cook Mountain | 8,273 
we ig 

= 20 z z |0 |20-42) z Mio, Frio, Mio, Olig S | Por | 1,700 10-50 | Ds | Frio 10,186 

31 > z lo | 56} z Frio, Olig S | Por | 8.290 | 15 | D | Frio 8,525 

- 22 z z \0 \21-38) 0.08 | Mio, Frio, Mio, Olig | S | Por} 1,956 | 55 | Ds| Yegua 5,280 

23 z z jO |19-33) z Mio, Frio, Mio, Olig S | Por 377 |15-60 | Ds | Vicksburg 6,281 

) 24 z z jo | 36 | z Mio § | Por | 3400 | 20 | Ds | Oligocene 7,600 

; z |O |14-19) z Mio, Mio iS) or < S cox 4 
A 100 = D0 (3 | «= Frio, Olig S | Por | 2,966 16 z egua 7,200 
97; 1,045 z |o |37-39| = Frio, Olig § | Por| 7,761 | 60 | D | Frio 10,503 
Deep elie iets | a litee ° |e 

4 1,140 0 | 45 z Frio, Oli F Tio E 
a 1,475 : 0 | 39%] «1! et Eoc S | Por | 6,908 10 D | Yegua 7,700 
31 z z |0 |45-46| 0.05 | Wilcox, Eoc S | Por | 7,797 10 z | Wilcox 8,007 
32 3,300 z |0 |30-50| 0.04 Mio, Olig : a. 5,975 |10-40 | D rd 8,009 
z |0 z z Frio ‘or = z z | Frio x 
nd et 2,750 z |0 |28-38) =z Mio, Frio, Mio, Olig S | Por | 5,943 62 D | Oligocene 8,507 
or 35 z z |0 |44-60| z Frio, Olig S | Por | 8,326 | 15 | F | Oligocene 9,007 
36 = z 0. +31 z Frio, Olig S | Por | 8,564 10 D | Frio 10,497 
? 37 z z z Yegua, Wilcox, Eoc S | Por! 6,850 {10-40 | z | Wilcox 12,911 

38 z z |0 |38-57| z Frio, Olig 8 ror rete bi D Cae crise 
y: 0 Reklaw, Eoc s OD ty x ileox ; 
ee; | = aes| = | Micon, Mio § | Por | 3980 | 13 | A | Oligocene 11612 

om 41 4 z |0 |22-44) z Miocene, Mio S | Por | 2,387 15 | Ds | Frio 8,198 
42 z z |0 |22-27) z Mio, Cockfield, Wilcox,] S | Por | 1,124 | 120 | Ds } Wilcox 8,306 

Mio, Eoc : 

y 0 |26-31 Frio, Olig S | 25 | 5,790 40 | D | Frio 7,210 
d “A é mo * 0 | 40 Fé Cockfield, Wilcox, Eoc| § | 15 5,672 8 D | Wilcox 10,075 
» 45,  2-4,800 z 0 |22-48| z Mio, Cockfield, Mio,| 8 | Por} 3,207 | 20 | D | Yegua 8,763 

Eoc ’ 
peo :| sk isls ieee Sli as | |B [geen | aa 

¢ 0 z Miocene r| 3, 1 , 

é ri 2 275 3 0 0.04 | Cockfield, Eoc § | 27 | 5, 30 | D | Wilcox 9,040 
49 "2 z |0 z Frio, Olig $ | Por | 6,277 | 10 | D | Vicksburg 8,580 
50 x z |0 z Frio, Olig § | Por | 7,704 6 | 2 | Vicksburg 8,205 
m O51 z z |0 z Mio, Frio, Mio, Olig S | Por| 1,406 40 | Ds | Vicksburg 7,903 
Po} $oh eet ae ck ee Mera feds 9,711 

i0, or | 4, z 

A 1,250 z |0 x Frio, Olig S | Por | 7,800 20 | D | Frio 9,463 
‘ Fe z |0 z Frio, Olig § Por | 71525 | 2 D | Frio 0,200 
d Frio, Oli or | 4, egua ; ; 
fe : 3 : a Cook Monten Eoc : ae ly 10 < Cook Mountain | 8,461 
; .02 | Miocene, Oli or | 2, x Is z 
* 4\¥ Gigs KYasuscbok Wit Hoe | 8 | Por| 7341 | 20 | Ds | ¢ Come Mountain),.9,788 
y z |0 2 Yegua, Eoc S | Por | 7,662 25 | D | Cook Mountain | 9,038 
‘ 0 xz |0 £ Yegua, Eoc S | Por | 6,505 20 | AF | Cook Mountain | 7,940 
=: zx |0 z Mio, Frio, Mio, Olig S | Por | 3,250 |20-250| Ds | Vicksburg 10,595 

2 z |0 0.07 | Frio, Olig S | Por | 8,214 60 Frio 9,021 
; z |0 x Frio, Olig S Por | 8,962 5 <a 9,952 
2 z |0 x Cockfield, Eoc ileox 
nH z |0 z Wilcox, Eoc 8 Wilcox 
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TABLE 1.—(Continued) 
sas: eo  w—m—OoOe err le maa] er ean 
Oil Production Number of Oil | Wells Producing? 
Total, Bbl.¢ and/or Gas Wells’ Dec. 1943 
> Area 1943 Oil 
Field, County o sabes 
5 Ss cres : Sed 
& 2B To End During aa 
5 A of 1943 143 | B= |B] 2 = 
= 3 BS. eas 2? |.g 
2 s #2 /g/3/ © |Sele 
; § Sey S PS} ais 
3 > ‘é) Oo;2| & |/441S5 
67| Friendswood (Webster), Harris......... 1937 4,000 24,070,747 | 11,456,732 215 3 212 ae 
68} Garwood <.-0 S52 a5. select snantnes 1932 275 6,198 0 5 0] 0 0 0 0 
69} Gillook; Galveston'x..2 <= Join... Dees Sse 1935 2,250 9,591,350 | 1,222,500 98 0| z 69 19 z 
0\\GoodricheRolkh antes jase ee once 1941 120 57,449 21,332 3 0) 0 0 3 0 
71| Goose Creek, Harris...................|1907 1,200 79,240,724 381,281 914 0} x 0 83 | 0 
72! Greens Lake, Galveston.................|1986 225 125,491 21,778 11 0 1 0 x 
73} Gulf (Big Hill), Matagorda............. 1904 35 211,000 0 8 0) 0 0 0; 0 
74| Halls Bayou, Brazoria................- 1942 100 x z| 12! 210 1 0} 0 
75| Hamman, Matagorda.................- 1936} 1,100 4,307,432 516,058 30 0} 4 16] ¢ 
76|| Hampton; Hardint.).. uno. ols eee 1942 40 26,661 14,911 2 0} z 1 0; 0 
77| Hankamer, Liberty.......000r5.....+-2- 1929 400 6,674,356 259,938 50 0} z 8 24/ 0 
78 Hardin, Liberty: cox eee. ison 5k 1935 2,750 9,938,671 1,332,209 175 0) z 69 68 | =« 
79| Hastings, Brazoria....00......-..+.--- 1934 5,800 63,544,941 | 18,003,529 693 0 667 22.4 he 
80) Hawkinsville, Matagorda........... .. {1936 0 2,000 0 1 0| 0 0 0! 0 
81| High Island, Galveston......... 1922 320 19,676,096 800,547 139 0} x 16 40) 0 
82 ,Elill ges) Wharton: eer wen tinea ..|1939 750 668,082 168,353 18 0} x 8 7| @ 
83} Hitchcock, Galveston..................- 1937 250 1,207,104 181,369 15 1) z 9 4 
S84) Hockley, Harris.rc,02 00. 2525260-000 1923 10 23,511 0 4 0} 0 0 0 0 
85] Hoskins Mound, Brazoria.............. 1906 90 104,739z 0 9 0) .0 0 0| 0 
86) Mull iabarty se eee ee. ee 1918 875 97,952,134 1,886,343 823 lj z 10 161 0 
S7\HumbleHarteyese-6 5. ees eee 1904 2,350 128,362,904 797,334| 1,817 2| = 9 221 0 
88] Jackson Pasture, Chambers............. 1943 200 zr z 2 2) 0 2 
89 Joes? Lake, Pylep cee .te a0 ttn e.c- cee 1937 2,350 3,829,230 43, . a 
90] Joyce Richardson, Harris, 6590-ft...... .|1940 150 62,667 ee = te 5 ‘f 
Gill ae ODDO THT te ceo 4. a Nake ee 1940| above 65,363 30,040 \ 7} 010 { 1 re \s 
92| Katy, Waller-Harris................... 1938| 13,000 299,350 85,542 z|] 1l)z x 0 
93) Katy, North, Waller..................,|1948 500 58,152 58,152 z 7| 0 7 0 Fs 
94) Kirby: Laberty peace oe. o: eed act me 1943 200 60,843 60,843 4 4) 0 4 0 E 
06} Kabila, Whaven ac: ak 1935] 650 1,526,384 | 190.793 21] o|z | 6 | 124 2 
96| La Belle, Jefferson..................... 1937| . 900 797,523 | 154,042 8| Oz 4 : 
97| Lakeview, Wharton............2....... 1941 60 ; z a 3 0| z ad [= 
98] Lake Creek, Montgomery............... 1941 1,000 190,835 146,974 13z} °0] x 132 : z 
99| League City, Galveston..............-.. 1938 740 3,081,283 776,383 37 0] z 31 3] 2 
OOM Bissio. Wharton 2. eee aa. eee 1940 500 
101| Livingston, Cockfield, Polk... |... 1930| 1,800 7.764061 506,758 S Looghe 4 | 66| 0 
103) =<. Srarta, Poles: oe. ae 1942| Inc. above 35,599 26,933|+ 99| 0 1) ofa 
108), 7) a Wiloox, Polk. 0-1 :08.0 Akg el 1942| Inc. above 27,838 14,943 ot fie 
104| Lochridge, Brazoria............. 1937| 1,900 4,545,952 | 659,997} 49 | 2 2 Ak 
105| Lost Lake, Chamberg................. 1929} ‘110 1,044,182 ‘oa] 8} tls. | alee 
106| Louise, Wharton. 2... 1933] 1,600 4,260,516 | 406,312 52] 0] 2 o4 srl 
107| Lovell’s Lake, Jefferson................ 19388 3,000 6,337,483 | 2. 050,693 104z} 11 9 : 0 
108| Lucky, Matagorda, oo 1941} _'540 123,134 | Peo a| ate a ieee 
agnet-Withers, Wharton.............. 1936 9,000 F = 
Ha a Renate Mentpoenaty. BE LAAT re HR a! zt Bay atte re q rd oe = 0 
pnvel, Brasoniae: ck dode vadoatlo. aa 1931 1,800 [ 4 Si 
112} Markham, Matagorda..................|1908 260 aaa eer meter i802 1 t i zs : 
; : ; x 
TiS |) Martha, Dabertylo.~. o0 os «1:6 anak cee 1939 
114) McFaddin, Jefferson..............0.... . be “tye: - a : nie 
a spear Wks aa ee saree ee POSS 0 0 1 ‘ 0 ; 5 : 
ercy, San Jacinto....................]1942 
AVG Millicany Brazos. o 0s. ete <tan en. ueaee 1942 40 beige ‘ae Shae % ae 
118} Moore’s Field (Orchard), Ft. Bend....... 1926 300 4,084,600 38,428 35 : : 5 
» x 
119} Moss Bluff, Liberty.................... 1930 10 179,000 0 5 0) 0 0 
’ 0 0 
T20)Mykawa; Harts... tn. ccvheaceadie 1929 350 4 
191) Nash, Fao Bend... 0..4. 000000. cc ae 1926] 260 Toeesitt eee a & or ose hae 
122] Needville, Ft. Bend... 0000021222 1942 60 ” 63,763 24,657 ake Soule tee 
123] Nome, Jefferson....................., 1936 750 3,521,635 | 640/365 Eh ete 3 0! « 
124 North Bay City, Matagorda te Pili * 1942 250 "166,450 | 1457569 7 3 0 zt 0 
or ay tO, Letberty, ie lica ce cack cone 1905 1 2. : ‘ ; 
e ; 00x 374,171 1,200 64 0} z z x 0 
Eakin eae 341,013 | _43,659 1 gee 


See ne et 


eli eee ted 
_—-. 


a ee ee oe ee 


— > 


P. B. LEAVENWORTH AND W. 


H. HOUGH 


TABLE 1.—(Continued) 


485 


*. 


x ~ 
Z| Line Number 
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Reservoir Pressure, Character £ ¢ Deepest Zone Tested? 
Lb. per Sq. In. of Oil’ Producing Formation to End of 1943 
= rs. 
7 
: 4 
Sie aw |& 
7 Aveg./ | & | a, 2 & ~ | poee iz ; 
Initial re > ae ak Name and Age? § se e E Ps ze 3 ® Name es Fs 
2\#3| 2° 2 | C| aes leet = ag 
x a *: 
gle3| 2a A | 58| SsS |E be] & BS 
m =e 
950 0 | 30 | 0.07 | Frio, Olig § | 30 | 5488 | 150 | D | Vicksburg 8,450 
z | z |0 [44 | 2 | Frio, Yeeus, Oli, Boc| 8 | 12.8) 4021 |15-30 | D | Wileos 10,580 
1,250 0 | 37 z Frio, Oli or | 8, rio 463 
z | £ (0 |32 | z | Cockfield, Roc 8 | Por | 4030 | 4 | D | Wilcox 91966 
z z |0 {20-36} 0.08 Pli, Mio, Olig S | Por 1,000 4 D Jackson(?) 6,967 
1,300 z |O |22-§2) =z Pli, Mio S |20-25] 2,712 10 | Ds | Oligocene 9,636 
me 2 |0 | 2s | = Cap-Mio la Por 862 z | Ds|z 4,586 
‘av 
z 8, 0 | 47 z Frio, Olig S | Por | 9,737 22 | D | Frio 11,670 
: on a 0 | 37 z Frio-Olig S | Por | 8,182 10 | D | Frio 
x xz \O | 40 0.07 | Cockfield-Eoc S | Por | 6,952 2 z | Cockfield 7,018 
424 z |O {|18-32) z Mio, Frio-Mio, Olig § | 20 2,407 29 | Ds | Vicksburg 7,891 
900 z |O (37-56) 0.07 | Yegua- Ss | 30 7,547 10 D | Yegua 8,110 
2,740 z |0 (30-33) =z Frio-Olig S | 30 5,157 | 200 D | Vicksburg 8,793 
"200 z 0 | « | z Mio § | Por | 5,150 | 10 | Ds | Oligocene 6,905 
z |0 j 31 z Mio S | Por | 1,500 40 | Ds | Oligocene 7,179 
ee) | =a a en bs § | Por | 5,220 | 10 | D | Frio 7/004 
800 2 |O |29-31] z Mio S | Por | 5,134 12 D | Frio 10,460 
x z |O | 22 z Cap rock, Olig S-L al 1,800 ES = ee ete 
2 Mi Ss ‘or 600 Ss jocene , i 
: : i i730 0.06 Pai ee os S | Por 400 63 | Ds | Cook Mountain | 9,669 
Cook Mt.—Cap, Mio, : 
Olig, Eoc 3 
z z |0 |17-45| z cole ie Olig, Yegua-| S | Por 700 | 4-200) Ds | Cook Mountain | 8,181 
, Mio, Olig, E : 
z (0 z Preblig. BO | | Por | 8,082 6 | = | Frio 9,515 
1 495 z |O \40-47) x Wilcox-Eoc S$ | Por | 7,600 30 | D | Wilcox 9,014 
zr z |0 (42-58) =z Cockfield-Eoc S$ | Por | 6,654 7 | D | Cockfield 7,250 
= S | 27 6,400 100 D | Wilcox 11,078 
5 = 0 ; ; See oe § | Por | 6,620 10 | D | Wilcox 11,078 
A = 0 z z Yegua-Eoe S | Por | 8,400 30 p er Mountain a 
i0-Oli S | Por | 4,596 x rio f 
vos | £ [0 | af | 0.00 |Maremtionoie 8/90) 8380 | | Pecan | 
: 2 ; s or | 3,1 z | Cockfie i 
- 2 o i 0.04 Mo ox-Eon S | Por | 9,200 50 | D | Wilcox 13,330 
{1.100 =i tx. | | FioOte s |30 | 8,695 | 20 | D | Vicksburg? 11,402 
z 
S | Por | 6,728 6 z | Wilcox 10,116 
se 0 1 1? (| Coctield Boe 8 | Por | 3285 | 20 
= : 0 7; 0.054 | Cook Mountain-Eoe $ Por baie _ D | Midway? 11,023 
z ee Fe Ley a 8 | 50" | 6309 | 20 | D | Vieksburg 9,684 
0 | 26 0.01 | Frio-Olig 
100 | 5 lo | 22 | = | Frio-Olig S | Por | 2679 | 33 | Ds | Frio 7471 
if = |o |26-3 Frio-Olig 8 | Por | 5,135 | 15 | D | Vicksburg 8,271 
300-1850) 2 f) [36° | 0.05. | Frio-Olig § | 30 | 7113 | 2 | D | Frio ‘Bsa 
; ; io, Oli 8 | Por | 8,883 | 10 rio 
2,350 . 0 PH rae Ol § a8 ony a a bd ri A ie 
xis cox i 
- = i 18 41s Wileox,Boc, = | § | Fr 3000 | 25 | D | Vicksburg 7,957 
= | | |o | 26 | 2 — | Mio, Frio, Mio, Olig | 8 [22 28) 3, 20. | Ds | Vicksburg 8/418 
: ie ‘ oe or 8,100 5 D | Yegua 9,109 - 
300 | 2 fo [41 | = | Fegua, Boe 8 | 0 | ee | x | Ds | Miocene 6,576 
0 > ~ +. | Fao, Of § | Por | 4,540 | 10 | D | Frio 4,600 
z | = lo | 38 | 0.04 | Wilcox § | 17 | 8250 | 20 | D | Wilcox 11'807 
z z c thre Wilecs’ Eoc S | Por | 3,342 6 | Ds Mee 7 5,511 
azz | 2 lo |22-51| 2 | Mio, Frio, Yegua, Mio,| S | 20 | 1,265 | % Da | eae Doane tore 
° ee 3,L| Por | 800 | 33 | Ds | Vicksburg 7,375 
od = : Cav 
3 é 100 30 D | Yegua 7,178 
_ ae L249 Mio, Frio, Mio, Olig | § | For 3700 | 60. | Ds | Vicksburg 7,965 
Mio, Frio, Mio, Olig | S | Por| 2% 
z z |0 | 2 z ine g | Por | 5,176 5 | D | Yegua 11,132 
z z |0 z z Frio, Olig . gs |P 4775 12 | D | Vicksburg 9,045 
0.25 | Marginulina, Olig or | : 
2550 | 2 1) | 35 | 2 | Frio, Oli B | Por | 7.884 | 10 | Oe | Oligocene 3700 
z ete 400 Lz s | Oli , 
~ | oe | |22-33|-2 Cap, Mio No Bots : 
i 2 _ | Yegua, Boe gs | Por | 6,795 | 10 | D | Yegua 7,664 
x z z 2 
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TABLE 1.—(Continued) 


Oil Production Number of Oil | Wells Producingg 
Total, Bbl.¢ and/or Gas Wells/ Dee. 1943 
Field, County 5 Proved, To End a 
5 8 Acres? S 
5 3 of 1943 Durin =f 
E A i, | B= | Ble x 
Z 6 ae [2h | ea [es 
E A BE E| S| 8 | 23120 
ple ple os) Ols|/ ee] a 15g 
sain be 
127| North Louise, Wharton................ 1943 100 0 . 
128) North Markham, Matagorda........... .|1938 1,350 984,073 522. ie 31 7 an : - { 
129} North Withers, Wharton............... 1942 5,000 4,577,002 | 2. 731.709 121 0) x 118 3 ; 
130| Old Ocean, Brazoria. . SI TTTT }1934] 10/580 23,397,627 | 4,830,749, 118] 7/0 | 117 i] oa 
131] Orange (Cow Bayou), Orange........... 19131 "400 33,191,699 | 108,039] 328] 0} « o| 35] 0 
132] Oyster Bayou, Chambers............... 1941 1,400 1,389,142 1 213,856 19 6| 0 19 0 if 
133] Palacios, Matagorda................... 1937] '300 151,044 | "2,535 5| Oz ib. a 
134] Pickett Ridge, Wharton................ 1935} 1,200 3,878,551 | 530,548 51} Oj 1} 30 | 0” 
135] Pierce Junction, Harris................ 1921 350 36,127,413 | 491,207} 201] 1] 2 ii] 53 0 : 
7 
136] Pinehurst, Montgomery................ 1943 } 
137 Pledger; Brazoria. . a2 mie vat sae sect 1932 “ye api ee is F : : : ; 
te Neches, Graig, ease 1929] 300 5,672,674 | 146,736 a} iz i] wiloe 
ccoon Bend, Austin-Walker.......... 1927 : 
140) Ramers Island, Tyler.................- 1942 arias ie et 26a th Z ba 08 e | 
i“ Leeann ent ec ae ae 1943 100 Shut in é 1 1 0 Shut in 0 0 
ed Fish Reef, Chambers............-.- 194 
143| Rockland, Jaspers... .u nee sees 38 . mre Bish _ ake os oe 
144] Rosenberg, Ft. Bend................... 200 22,307 z aotiaole |} an 
145) Rosslyn, Harris... 0... .0 3 8. os 100 48,346 476 - oka i 0 oF 
146] Rowan, Brazoria......_.. 460 574,769 | 164,276 7| ole 7 ie 
147| Sabine Pass, Jefferson. . 50 10,218 ; a : : a 
148 Sandy Point, Brazoria 80 346,200 33,544 ii , z 0 sl om 
9| Saratoga, Hardin... 500 30,215,270 | 233,440/ 779 | 1) z o| 2d] 0 | 
150] Satsuma, Harris............ 580 820,960 ; 
151] Seabreeze, Chambers................... 143,911 18 Il z 6 4] 0g 
1] Sate in 0 MO pee | ASS ath) of oe 
egno (Deep), Polk ; g = = al hv 
154] Segno (Shallow), Polk ae ree fa etree ah he 63 5/0 
155] Shepherd, San Jacinto 40 24,442 ba! ae a8 = reat 
156| Sheppards Mott, Matagorda........... 1936 z 1.000 a : “Ni sie Iv = | 
157| Sheridan, Colorado.............00.. 1940| 1,550 250,385 4 Be be 4 Pn 
158 Silsbee Hardin. 1936] 1,000 3,978,850 eee eae si 0 ; PH hae 
jour Lake, Hardin.............. 1902] ‘960 80,844,649 | 357,795] SI ; 38 | 0 
Fi 5 6} x 10 136 | 0 @ 
160] South China, Jefferson............ 1 
161] South Cotton Lake, Chambers... | 1937 1,000 3,994 808 res els tn - a Be ; 
162] South Houston, Harris.......--..°.1.]1985] “630 032763 | e0siss| st | ols | ea aol 3 
outh Liberty, Liberty... ... 174. 120° z= 
y: be) Pre, Teena roel 1925 250 16,174,289 120,921 317 0] x 8 33 ; 
164) Spanish Campy oe. s5-iu aula. -jeee ae 1936] 2,000 : | 
165] Spindletop, Jefferson.................. 1901 "500 127,392 cr 373 a 1 HS ‘ = 0 0} z { | 
<1,092, F s x 5 1 
166] Splendora, Montgomery........... 100 hel 
AGT Spurgery Vayteneon acs en. ote 0 ioe ¢ : ae 0 o| o § 
168] Stowell, Jefferson. ........ Bn 1,800 2 aren, : : 1S : 0} 0 
169| Stratton Ridge, Brazoria... A "95 ee laos ) 43 Oo; o § 
170] Sugarland, Ft. Bend. .... 1,200 33 ie : 5 oa 0 0} 0 i 
171} Sugar Valley, Matagorda. . 100 097,906 | 1,836,215 71 0) x 33 18} 0 
172] Thompson, Ft. Bend, 3600-ft. 21 The - 1) 0 | Shut in : 
Walia SOOUth cad. Qos ke Peper and be pte oe jz | 2 38] 0 © 
Tae Gath Cent ee ee ee 6,515 $705,706 | 6,660,401) | 374 |) Ole | tile * a7 | @ - 
Tybee eNorths cea torre. ot cae enna 1939 BBE iatoain a? 79 2) 0 
176] Tomball, Harris. ..................... 8,900 epee eee 0} « 38 0 : 
177| Turtle Bay, Chambers........... 875 26,151,851 | 3,239,937 537 0) x 278 174 
178] Turtle Bay (East), Chambers......... 200 3,004,362 510,951 39 0) x 27 11 : { | 
179] West Aldine, Harris..........._. 40 21,580 21,580 Ce ah 2 0| 0 
180} West Beaumont, Jefferson.............. 650 3,872 | _ 2,736 1 0| x z 2 a0 
181] West Columbia, Brazoria.............. 720 5,344,815 720,221 60 1) z 24 81 joa 
182| West Conroe, Montgomery... ‘ 40 93,346,996 2,049,867 381 2| z 105 39 0 
183] West Garwood, Colorado...... 0... 1... 200 22,833 8,642 1} 0} 0 1 0| 0 
184] West Orange, Orange rath: head ean 250 111,239 29,073 5 (ied 8 0| 0 
185] West Port Neches, Orange............__ 400 3,400,390 432,689 48 0) x 12 32 
186] West Silsbee, Hardin........... a Sie 25 1181236 377,317 282) 0} x 15 11 0 
187} Willow Slough, Chambers......... ort 83,712 35,688 2 01 0 2 0 : 
Wilson Creek, M atagorda.............. 789,552 148,009 8 a 
ae 80 193/658 z hate ; oie 
0) 0 2 0) Og 


| Line Number : 
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TABLE 1.—(Continued) 
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Reservoir Pressure, 
Lb. per Sq. In. 


Initial 


E 

2,450 

z 
275-1,800 


A Sig? A 2 
$2.88 «Bank 
san SSe8S aeSenSenngan 


o 
a 
od 


Avg./ 
End 
1943 


HRHRHHHHHHHKRHRHH HHARHHHEH 


HHHHHHHHAHK 


RRA 


aA 


RRHHHHHRKBHKRRHRKBRHRKRHHHKHHSBSH 


Sooocoeeooooeose SSoSsssosessse 
| Secondary Recovery" 


Character 
of Oil 


Gravity A.P.I. 
at 60°F. 


Producing Formation 


Deepest Zone Tested? 
to End of 1948 


HOHHHHHHHHAHS 


Sulphur, 
Per Cent 


CHHHHHAAA 


i=) 
o 


HHHHHHHHKHHHROKK 


CNHHH OHHH 


CONN 


aA 


HRAORS 
° 
we 


o 

i=] 

i 
—_— 


iJ 
c= 


o 
a 


Name and Age? 


Frio, Olig 

Frio, Olig 

Frio, Olig 

Frio, Olig 

Mio, Frio, Mio, Olig 

Frio, Olig 

Frio, Olig 

Frio, Olig 

Mio, Frio, Vicksburg, 
Mio, Oli 

Wilcox, Eoc 


| Frio, Olig 


Mio, Frio, Mio, Olig 
Jackson, Cockfield, Eo 


| Yegua, Eoc 


Wilcox, Eoc 
Frio, Olig 
Jackson, Yegua, Eoc 


| Cockfield, Eoc 


Yegua, Eoc 
Frio, Olig 


| Miocene 
| Marginulina, Olig 


Cap, Mio, Olig 


Yegua, Eoc 
Frio, Olig 


| Wilcox, Eoc 


Wilcox, Eoc 

Cockfield, Eoc 

Wilcox, Eoc 

Mio, Frio, Mio, Olig 

Wilcox, Eoc 

Cockfield, Eoc 

oS Olig, Yegua, Mio, 

lig, Eoc 

Frio, Olig 

Marginulina, Frio, Olig 

Mio, Frio, Mio, Olig 

Mio, Olig, Yegua, Mio, 
Olig, Eoc 

Miocene, Mio 

Cap, Mio, Frio, Cap, 
M io, Olig 

Cockfield, Eoc 

Cockfield, Eoc 

Frio, Olig 

Miocene 

Marginulina, Frio, Olig 

Frio, 

Miocene, Mio 

Frio, Olig 

Mio, Frio, Mio, Olig 

Vicksburg, Olig 

Cockfield, Bae 

Marginulina, Frio, Olig 

Marginulina, Olig 

Yegua, Eoc 

Mio, Olig 

Mio, Frie, Mio, Olig 


Frio, Olig 
Mio, Frio, Mio, Olig 
Cockfield 
Frio, Olig 
Frio, Olig 


AmNnNNmnNn mnmmmmiumnnn | Character* 


PRANNNANNNARMNNNANNAMNNNNAnRhA MN nnnwn MRNNRNRANRNNANDRAMMMNMnnNnnA 


4 
ee, | 

> Ss |S wel o : 
58 Ret ges Name we 
BO =o By i 
S5| B&8 [83] 8 26 
S&| SSS [Fae] 5 an 
Por | 4,088 5 x | Vicksburg 6,007 
Por | 7,702 20 D | Frio 9,010 
Por | 5,490 20 =| AF | Vicksburg 9,200 
27 8,636 | 200 D | Oligocene 14,378 
Por | 2,500 30 | Ds | Frio 7,604 
Por | 8,250 20 | D | Frio 8,835 
Por | 7,830 15 | D | Frio 11,337 
33 4,596 15 A | Jackson 8,888 
Por | 3,142 45 | Ds | Jackson 7,165 
Por | 8,760 22 xz | Wilcox 11,921 
Por | 6,580 100 D | Vicksburg 8,061 
Por | 3,150 40 | Ds | Vicksburg 7,667 
Por | 3,149 30 | D | Wilcox 8,589 
Por | 5,397 3 az | Wilcox 8,454 
Por | 8,320 20 z | Wilcox 10,505 
Por | 8,796 15 z | Frio 11,008 
Por | 1,275 6 | F | Wilcox 8,001 
Por | 7,713 10 D | Cook Mountain | 8,530 
Por | 6,947 9 z | Yegua 7,495 
Por | 8,538 18 z | Frio 10,010 
Por | 4,053 7 xz | Miocene 7,097 
30 6,480 3 D | Vicksburg, 8,943 
ad 500 17. | Ds | Cook Mountain | 7,461 

or 
Por | 6,803 15 D | Cook Mountain | 8,050 
Por | 8,105 40 D | Frio 8,795 
Por | 8,724 51 z | Wilcox 11,505 
17.5} 8,190 30 | D | Wilcox 11,734 
Por | 5,150 10 D | Wilcox 11,734 
Por | 8,215 a z | Wilcox 8,590 
Por | 3,848 z D | Frio 9,210 
Por | 8,133 30 | D | Wilcox 11,497 
Por | 6,845 | ° 20 D | Cook Mountain 7,778 
Por 500 | 100 | Ds | Yegua 7,914 
Por | 7,491 30 D a 8,785 
Por | 6,409 z | Df 7,007 
30 3,845 75 |) Ds Cockfeld 9,474 
Por 700 | 100 | Ds | Yegua 4,996 
Por | 2,910 30 D | Yegua 8,183 
Por 800 69 | Ds | Frio 7,382 
Por | 5,828 Pp) D | Wilcox 11,023 
Por | 4,685 19 D | Wilcox 7,759 
Por z 50+| D | Frio 10,200 
Por | 4,300 10 | Ds | Oligocene 9,267 
25 2,500 80 Ds| Yegua 7,521 
Por | 9,754 5 D | Oligocene 11,854 

z 3,600 
FB | adopt (15-80 | D | Vicksbure 8,479 

z 7,700 ; 
25 5,682 10 | D | Wilcox 8,955 
Por | 6,550 8 D | Vicksburg 8,497 
Por 7 Frio 6,646 
Por | 7,190 3 z | Yegua 7,991 
Por | 4,560 15 D | Vicksburg 8,501 
Por 354 | 1004+) Ds | Vicksburg 8,518 
Por | 4,719 6 a | Yegua 6,016 
Por | 6,104 15 | D | Wilcox 10,012 
Por | 5,585 8 | Ds | Frio 7,550 
Por | 3,150 40 | Ds | Vicksburg 7,667 
Por | 6,918 5 D | Cook Mountain | 7,778 
25 8,400 10 | D | Frio 9,044 
Por | 9,968 28 z | Frio 10,796 
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2400 ft. south of the discovery well, 
was drilled to 4498 ft. in the Wilcox section. 
After a series of tests the well finally 
was completed at 1187 to r11o1 ft. in a 
Reklaw sand, for 55 bbl. of oil through 
¥4-in. choke plus 5 per cent bottom settlings 
and water. No other development occurred 
during 1943. 

Citrus Grove, Matagorda County.—Con- 
tinental Oil Company’s No. 1 Anderson 
was completed on April 28, 1943, for an 
initial production of 50 million cubic feet 
of dry gas in a Miocene sand at 3980 
to 3990 ft. The well was bottomed at 
6555 ft. in basal Miocene. A fairly 
large gas area may now be outlined 
from subsurface information, which ap- 
parently will include the Collegeport 
gas field to the southwest, with proven 
gas reserves of approximately 3900 acres. 
The producing sands in this area appear 
to be of lenticular nature and average 
15 ft. in thickness. The Continental well 
was the only development attempted 
during 1943. 

Cottonwood, Liberty County—William 


Helis completed his No. 1 Hirsch Est. 
on Nov. 10, 1943, in a lower Frio sand 
at 7704 to 7710 ft. for.go bbl. of 26° 
gravity oil through a choke. 
Additional development will be required in 
order to determine the importance of 
this discovery. 

Jackson Pasture, Chambers County.— 
John G. Mayo’s No. 1 J. E. Jackson 
was completed in a Frio sand at 8102 


Vé4-In. 


to 8108 ft. for 90 bbl. of 60.4° gravity oil | 


through a 3%,5-in. choke; gas-oil ratio 
19,300:1. Production along this particular 
trend for the greater part is high-gravity 
oil and condensate; this discovery does 
not appear to be an exception. Additional 
development will be necessary, however, 
to determine the importance of this 
discovery. 

North Katy, Waller County.—Stanolind 
Oil & Gas Co. completed its No. 1 G. T. 
Pattison on March 18, 1943, in a Cockfield- 
Yegua sand at 6622 to 6625 ft. for an 
initial production of 154 bbl. of 44.5° 
gravity oil through a 1¢-in. choke. Tubing 


pressure was 1800, casing pressure 1900, - 


TABLE 2.—Summary of Drilling Operations in Upper Texas Gulf Coast 
ee a a ee a 
Important Wildcats Drilled in 1943 


Total 
Fer Surface 
ounty Survey ae Formation 
HH Colorado: c.cacasenwte cOe ss sce ats er et Ce ee G. H. & H. RR, Sec. 15 A245 Lissi 
H Pistogords .| E. L. Holmes Sur. A-203 Besanoes 
: ...| T. & N. O. RR. Sur. 27 A-373 Beaumont 
; .| John 8. Roberts Sur. A-21 Beaumont 
4 * a Sur. rey A-285 issie 
uncan Sur. B t 
i aren = MUMS gle Wie eee cape hie EC een een ea S. P. Middleton a A-269 Reaumodt 
COB suse krarechasssrsaets tid susie. veants v GYC/SS a CTO re, chen ae W. C. RR. Co. Sec. 41, A-364 Beaumont 
A. Prather Sur. A-427 Willis 
P. K. Bartheson A-84 Lissi 
E. T. RR. Co. Sec. 49, A-118 Beauttont 
S. F. Austin Sur. A- Beaumont 
J. Spillman Sur. A-175 Beaumont 
C. Williams Sur. A-834 Beaumont 
J. B. Stevenson Sur. A-703 Beaumont 
LG) Veffarson en etnrdios favieabavclee ees F. Valmore Sur. A 
sani hey CER Oe eee eee u . A-54 
D7 || Maibamord a Gee two) cin, s'ee1siicl ct aac eee eee P. Burnett & A. S. Sojourner Sur, Seer 


: 
: 
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gas-oil ratio 2364:1, total depth 8000 ft. 
This is an important extension to the 
Katy gas field and indications are that 
substantial oil production will be obtained 
from this large structure. Six other oil 
wells were completed during 1943. 

Kirby, Liberty County.—General Crude 
Oil Co. completed No. 3-B R. A. Welch 
Fee, March 8, 1943, from a Yegua sand 
at 8400 to 8430 ft. Initial production was 
768 bbl. of 38.8° gravity oil through }4-in. 
choke; gas-oil ratio, 876:1, and total depth 
9518. This important discovery extends 
the Yegua production to the southwest 
flank of the Esperson Dome and provides 
a substantial increase in reserves. Three 
other wells were completed during 10943, 
development still in progress. 

Menefee, Wharton County.—Salt Dome 
Oil Corporation’s No. 1-A. G. Menefee 
et al. was completed Dec. 1943, in a 
Frio sand at 4540 to 4550 ft. Initial 
production was 22} million cubic feet of 
dry gas daily. There is no field outlet, 
and the well is now shut in. Present 


I, 


‘information is not sufficient for estimate 


yo 
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of the importance of this discovery. No 
other wells drilled during 1943. 

North Louise, Wharton County.—Con- 
tinental Oil Co., after drilling its No. 1 
Allenson to 5523 ft. completed it in a 
Frio sand at 4163 to 41664 ft. for 214 
million cubic feet gas through 14-in. 
choke; tubing pressure, 1680. his is 
not an important discovery. No other 
wells were drilled during 1943. 

Pinehurst, Montgomery County.—The 
La Gloria Corporation drilled its No. 1 
Grogan-Cochran to 11,921 ft. and com- 
pleted it in two Wilcox sands at 8760 to 
8766 ft. Initial production was 320 bbl. 
of 38° gravity oil through 37¢-in. choke. 
At 9700 to 9726 ft., initial production 
was 120 bbl. of 55° gravity oil through 
4 and 34.-in. choke series. The discovery 
well was completed on Jan. 24, 1943. 
One other well, which failed to produce, 
completed the drilling program for 1943. 

Ramsey, Colorado County.—Cities Service 
Oil Company’s No. 1-F Stephen was 
completed March 12, 1943, from two 
horizons in the Wilcox: (1) at 8320 to 


TABLE. 2—(Continued) 


eee ee eee ee ee es 
7 


Important Wildcats Drilled in 1943 


Initial Production ere, 
Deepest pe ie Choke or er Eq. ta: 
Horizon Drilled by eee Remarks 
— Oil, Gas, | of an Inch 
US. Millions Casing | Tubing 
Bbl. Cu. Ft. 
i id } 35 a 2,370 | 2,310 | D. Chesterville 
2 renal eee Ol os ite #7: Open flow | 1,670 | 1,670 | D. Citrus Grove 
3 | Vicksburg | Wm. Helis 90 ha 500 | D. Cottonw 
4 | Frio John G. Mayo 90 0.8 Vy 2,900 2,800 | D. Jackson Pasture 
5 | Yegua Stanolind Oil & Gas Co 154 0.36 yy 1,900 1,800 | D. Noet Katy 
6 | Yegua General Crude Oil Co. 768 \Y 2,000 1,750 | D. Kir ¥ ee 
7 io Salt Dome Oil Corp. 22.5 Open flow D. pe ee Fie 
8 | Vicksburg | Continental Oil Co. Sa ra a 1,680 gs D. North Louise 
320 B 6 
9 | Wilcox La Gloria Corp. a \ comp. Sa te? Ke er 2,900 | D. Pinehurst 
) 1 Dual ‘ A , 

10 | Wilcox Cities Service Oil Co. oa} comp. 3.8 Y en a pinned _ 

11 | Frio Seaboard Oil Co. 185 Y 925 oe ens nwl 
12 | Vicksburg | Pan American 72 542 140 160 a ng e : < rs 
13 | Oligocene Maco Stewart 121 1g Sealed 605 a cock extens! 
14 | Yegua Cities Service Oil Co. 40 ire Sealed | 1,750 | Alief extension 7 
15 | Yegua The Texas Co. 652 Y Sealed 990 | Humble—New Hor. 

i Oil C 350 } ual i 6 ; 900 | Stowell extension 
" Pio — Oil Cn: 132 Y% Sealed | 3,100 | D. Sugar Valley 
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TABLE 3.—Drilling Operations during 1943 and Production during 1942 and 1943, Upper 


Texas Gulf Coast 
a ae 


Wells Drilled during 1943 
Produc- ; : 
(6) laa 1943 . ing Proven Fields Wildcats 
ounty Production | Production 
Wells 
Oil Gas Dry Oil Gas | Dry 
Aiba = 5, Glee ce eee ees 1,587,510 2,674,889 157 
Brazoria setins © cn. taciemiae 19,369,790 28,014,087 1,214 21 Tt 22 : 
pba Saag I OU Ton hie EE ; 
Burleson yn aa cutie pio eas aes 
Cimber We artes ea oreces 8,616,989 16,186,492 664 T7 I 2 I eB 
Colorado ays. brid tr 82,217 E2680% 7 a I 2 3 
INAV ethers. ame enntre buagroagtere 2,089 3 
ee Bendis ost. Sh eat 6,669,379 11,579,988 599 FF 13 € 
Galveston weno can 3,653,120 4,067,078 375 2 3 I : 
EL aeCititeac.s.9 tiles ee teiec ees 1,672,041 1,649,492 574 7 3 5 
Eieimitstr aiettiers eitac Merona tte. 13,878,307 23,713,506 T,592 22 2 c 2 z 
ASDEL J eisiskeus eters alate eae 2,693 I 
eae SEO Shee meus kee 5,799,526 7,518,517 428 34 2 15 I 
bibérty ese cee Sa eae 4,802,422 4,757,432 487 6 9 2 2 
Madison: in artmateticme et I . y 
Matagorda. wesc. eel an Gi LOS a5) 2,789,824 159 22 I 5 ‘ 
Montgomery: ....:-.-.,... 13,514,872 20,148,002 932 I 4 i 2 
I,055,205 1,064,781 116 I 
1,943,228 2,239,434 188 3 
159,324 898,385 37 23 I 4 
840,845 683,578 37 I = 2 
143,694 10 7 3 6 I I 
Washington-. «.- ose. eae 143,659 24,646 54 I I 
Wikhartone jeep race serare | oy 20.7 74 7,660,305 546 3 M4 10 ‘ 2 12 
Bot al oatetanghhteece etre ets 91,340,492 | 136,852,246 8,177 188 2r It4 12 ita 719 


TABLE 4.—Fields That Produced One Million or More Barrels of Crude Oil during 1943, 
Upper Texas Gulf Coast 


Year 


: : 1043 : , 
Field County Cae Produenon Producing Formation 

Conroe tras nce ose Montgomery IQ31 19,057,155 Cockfield 
ELASbini gostei aie ener Brazoria 1934 18,003,529 | Frio 
rtendswoods. o... 2.2 Harris 1937 11,456,732 Frio 
EOnApSOMse nites: Ft. Bend IOQ31 10,025,481 Miocene, Frio, Vicksburg 
MONEE Gee a oh eens ae Chambers 19035 8,901,732 Marginulina, Frio 
Old Oceanwacrnyass owes: Brazoria 1034 4,830,749 | Frio 
Magnet-Withers......... Wharton 1936 3,254,909 Frio 
North’ Withers; . 6/5... .+ Wharton 1942 2,731,709 | Frio 
FPairbanks...............| Harris 1938 2,716,712 | Yegua 
Racoom bendan.-.es. aaee Austin- Waller 1924 2,674,351 Jackson, Cockfield 
Manvel.. ORE We GRR, At Brazoria 1931 2,665,524 Miocene, Frio 
Baswers Errilpys eee wn Chambers 1916 2,343,308 Miocene-Frio 
Lovell’s Lake............] Jefferson 1938 2,050,603 Frio 
West Columbia........... Brazoria 1902 2,040,867 Miocene, Frio 
ELGIUoen corte. Aas.) Laberty: 1918 1,886,343 Miocene, Frio, Yegua, Cook Mountain 
Stowellasrasteenes-cs nk Jefferson IQ41 1,876,718 Frio 
Sugarland...............| Ft. Bend 1928 1,836,215 | Frio 

mela, Aro eos io. wee Jefferson 1936 1,670,652 Frio 
South Houston.......... Harris 1935 1,606,138 Miocene, Frio 
Seghocn. canes oie. Polk 1936 1,601,049 ~ | Cockfield, Wilcox 
Clear Lala wr nis. 3. sees Harris 1938 1,443,127 | Frio 
Hiardinmcmeone: oo Shek Liberty 1935 1,332,209 | Yegua 
Hanniettiiniictcis.« eh Jefferson 1927 1,240,008 Frio 
Gillockivaws we oa sehen Galveston 1035 1,222,500 | Frio 
Bay! Citvareanronet nae Soe: Matagorda 1934 1,221,148 | Frio 
Oyster Bayou... c020... Chambers 1941 1,213,856 | Frio 
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8340 ft., initial production was 100 bbl. 
of 61.8° gravity oil, 6 bbl. salt water and 
314 million cubic feet gas through 1}4-in. 
choke, gas-oil ratio, 29,400:1, and (2) at 
8948 to 8970 ft. for an initial production 
of 94 bbl. of 50.1° gravity oil, 7 bbl. of 
‘salt water and 3849 million cubic feet 
gas through 14-in. choke. The well was 
bottomed at 10,505 ft. in Wilcox. The 
discovery well is the only development to 
“date and does not supply sufficient data 
for an estimate of its importance. 
Sugar Valley, Matagorda County—The 
_ discovery well was drilled by Superior 
Oil Co. to 11,854 ft. and completed Aug. 
15, 1943, in a Frio sand at 9754 to 97509 ft. 
Initial production was 132 bbl. of 53° 
gravity oil through 14-in. choke; tubing 
pressure, 3100, gas-oil ratio, 38,000:1. 
~The Sugar Valley prospect, a domal-type 
structure, is already defined to the south 
and east by dry holes drilled prior to 
the discovery well. Additional develop- 
ment will be necessary for the determina- 
tion of the importance of the area, as 
subsurface data indicate that the most 
promising part of the structure has not 
* been tested. There is no pipe-line outlet 
for the field and no other development 
__was carried on during 1943. 


New Pays AND EXTENSIONS 


At Boling Dome, Wharton County, 
Pan American’s No. 1 Vineyard was 
~ completed at 3724 to 3730 ft. Initial 
production was 72 bbl. The well extended 
- the shallow Frio production to the north- 
east flank of the Boling Dome. 
Maco Stewart extended the Hitchcock 
field, Galveston County, approximately 


1g mile east with the completion of his 
No. t Maco Stewart in a Miocene sand 
at 5132 to 5137 ft. for r2t bbl. of 20.2° 
gravity oil through 1<-in. choke. Total 
depth was 7780 feet. 

The Texas Company discovered a ‘‘new 
pay” on the east flank of the Humble 
Dome, Harris County, in itseNo. 52 
Stevenson; completed in a Yegua sand 
at $390 16 5335 [t. for 325 bbl. of 44° 
gravity oil through 37.-in. choke. Gas-oil 
ratio was 548:1. 

Other fields where active development 
programs were carried on during the year 
include Mercy, in San Jacinto County, 
a Wilcox pool with 23 new completions. 
The producing section at Mercy field is of 
the multiple-sand type and indications 
are that it will become one of the most 
important Wilcox fields thus far discovered. 

At the Stowell field, Jefferson County, 
a Frio pool, there were 21 new wells, 
most of which are dual completions. The 
Stowell field is unique among Gulf Coast 
oil fields, being productive on the up- 
thrown side of a large fault roughly at 
right angles to regional strike. This 1943 
development is considered the most im- 
portant from a reserve standpoint and 
also may lead to drilling of other faulted 
areas, which heretofore have been given 
little promise of worth-while production. 

At North Markham, Matagorda County, 
a Frio pool, there were 12 new completions; 
at Lovell’s Lake, Jefferson County, 11 
new completions and at Clodine, Fort 
Bend County, ro new Yegua producers. 

A lower Frio sand of high distillate 
yield at Double Bayou, Chambers County, 
was also a feature of the year. 


Oil and Gas Development and Production in North Texas for 


the Year 1943 


By R. B. Grrmore,* Juntor MempBer A.I.M.E. 


Tue North Texas district, as herein 
defined, includes the counties of Archer, 
Baylor, Clay, Cooke, Foard, Hardeman, 
Jack, Knox, Montague, Wichita, Wil- 
barger, and Young. Jack and Young 
Counties are included for the first time so 
that this district will correspond with 
District No. 9 of the Texas Railroad 
Commission. This area covers generally 
the crest and south flank of a system of 
buried mountains known as the Red 
River uplift. The oil and gas accumulations 
along this feature are in traps, which, 
although localized by structures incident 
to the regional uplift, usually are modified 
by stratigraphic changes in the sediments. 

The structural deformation caused by 
the Red River uplift is modified by the 
Bend arch, which is a broad anticline 
plunging northward from the Llano uplift 
in central Texas through Young and into 
Archer Counties. The fields in southern 
Archer, southeastern Baylor, southwestern 
Clay, and western Jack Counties are on the 
extreme north end and along the flanks 
of the Bend arch and have generally the 
same type of oil and gas accumulation as 
the other fields in this district. Recent 
exploration has been along the flanks of the 
Fort Worth syncline, which is east of the 
Bend arch and south of the Red River 
uplift and extends into southeastern Clay 
and southwestern Montague Counties and 
along the eastern part of Jack County. 
The larger part of past oil and gas produc- 


Manuscript received at the office of the Insti- 
tute May 4, 1944. 

* Petroleum Engineer, DeGolyer and Mac- 
Naughton, Dallas, Texas, 


tion has come from Pennsylvanian strata, 
with less important amounts from the 
Permian, and minor quantities from the 
Mississippian and Ordovician. 


DEVELOPMENTS DURING 1943 


About r1oo wells were drilled in the 
district during 1943 and more than 500 oil 
wells were completed, an increase from 
1942 of approximately 12 per cent in the 
number of successful drilling operations 
of the total wells drilled. The addition of 
Jack and Young Counties to this district 
accounts for part of this increase, almost 
150 wells being completed in the two 
counties. 

Production increased slightly over the 
previous year as a result of an increase in 
the number of producing wells and a greater 
demand for this high-gravity, sweet crude 
oil. The average depth of discovery wells 
was about 400 ft. deeper than in 1942. 
Although more discoveries produced from 
horizons below the base of the Strawn series 
than from those above the Strawn, the 
deeper horizons, including the Bend series 
of the Pennsylvanian, the Mississippian 
limestone and Ellenburger of the Ordo- 
vician, largely were disappointing from 
the viewpoint of major additions to oil 
reserves. 

The largest single addition to the reserves 
was in the basal Strawn sand in the Walnut, 
Bend field, Cooke County. During the year, 
31 wells were completed, both in the field 
and as extensions. The most active area 
was Jack County, in which five fields or 
potential fields were discovered, although 
only 44 oil wells were completed. 
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OUTLOOK FOR 10944 


Although deeper exploration in the 
district has been somewhat disappointing, 
continued development of older horizons 
is expected in the search for larger addi- 
tions to oil reserves. The number of wildcat 
wells successfully completed during the 
past year, and the extensions to older 
producing areas, together with firm de- 
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mand for crude oil from this district, 
indicate continuance of present rates of 
exploratory work in this area during the 
coming year. 
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TABLE 1.—Oil and Gas Production in North Texas District 


Oil Production Number of Oil 
Total, Bbl.¢ and/or Gas Wells’ 
= 4 
= 2 | 
lo>] 
> | Area aa 1943 | 
Field, County 5 Proved, 2 S 
sg 2 hoe To End During S 25 = 3 | 
5 a of 1943 1043 | 2) 8") 3) 3 9 
ni (=) =a Oo = 
z iS) 3 | oy a | > 9 
A 3 : BS; ee) | 8 
3 > | oO Oo| = 
1 cries Vor ates palace winter cstany sain arnee erica anaes 1924) 8,000 1 153,555 |365} 1,027x 0 14 I 
Ams a Biewetts wes eidond. se cts 2 Ocenia 1940| 100 110,752 28,132 |365| 12] O| 0 | 
3 Browning =t qe ns ce caieen aot ee a ete eee eee 1942 200 20,867 18,341 |249 5 4 0g 
4 Burnselckerte.14.78;de5,. dk eee ce oe ee 1943 40 11,214 11,214 |135 1 1 0 
5 Challe Halll. (Geep):4 0% n2.< cenit aestens ee ee eee 1931 650 3,175,034 68,058 |365 x 1 1 @ 
6 Colgan 23.8). See reece as ae ee ee 1939} 100 119,469 33,359 |249 9 0 0|% 
7 COOper acetic oie ern ae eee 1942 240 66,740 60,147 |342 6 5|- 0 | 
8 Muller? <5. 5d acctres os Me oe oe ee eee 1943 40 510 510 | 56 1 1 0 
9 aS yo tench eee ee eee 1938} 7,000 15,016,787 3,905,845 |249| 444 1 4 
10 Kadaneydecp a. aac sa eee Fea ee ne A Gen ge 1939 400 511,696 181,916 |328 19 2 0 
11 Kadanet shallow: tinction tote tae ete oe ee 1939 80 122,057 55,956 [328 10 1 0 
12 Little Wichita... .. iG ae Hard atta a ae ee ee 1943 120 37,864 37,864 |214 3 3 0 
13 Mankins SS. 5.50 ov coe arene ee eee 1939 500 768,420 181,268 |328 14 0 0 
14 MGCroryite tice aeiccs ooh, eaten is ee eee 1938 20 45,502 5,999 |365 1 0 0 : 
15 IMeaGe nies attache ar tine Ron a oe ee rae ee ee 1940 50 23,141 3,578 |365 ie 0 0 
16 Mier: fae Aries docs Aone eee ee 1938 20 24,348 3,395 |365 1 0 0% 
17 Oldiam's.se ae Meikle rate oe eee 1925 600 1 71,061 |365| 1142 0 1g 
18 Panay lores. i 8st carne one Paes oe eae eee 1941 80 14,262 10,751 |365 3 2 0 
19 Seotlatids sons. ni: ear ee en ieee eee 1940} 1,000 729/418 391,893 |328 36 10 0 
20 Vogishergers "00%: ais. 500 Meee ae eee ee ee 1940 400 168,042 88,466 [365 10 7 0 
21 AM other‘ felds:4 ctu, son oe eee ete ee NS 1911 = 1 2,182,900 z 84 | 174 
22 Total Archer County.............. Ns ey ee z | 145,476,427 | 7,494,208 7,7rz | 122 | 194 
Archer and Wichita Counties: 
23 DACKBON A a, oii ene Beceem oe 1938 300 271,703 30,415 |365 22 0 0 
Baylor County: 
24 Port wood ic.5. 5 occas ccna ao: gee ee eee 1924 600 5,093,189 124,621 |365} 188 0 3 
25 Rendhamt Sone COA ices ca tes eels, WS og ene 1940 600 222,971 74,634 |249 15 | 2 
26 Beymour. a. . chee kicid, a= rg aeeee ear eee we aes a 1939] 1,600 1,300,646 398,047 |273 39 6 0 
27 ‘Total Baylor‘ County .<.:G). 1. ose ee 2,800 6,616,806 597,302 242 z 5 
Clay County: 
28 Antelope (incl. Mississippi)....................-.s.-- 1939 900 1,348,323 596,113 |365 55 1 0 
29 Burns-Browning Shai sarah 3 os ooh eat Ya tera tah hate eee 1939 320 224,280 35,594 |249 7 0 1 
30 Burns-Midways... Sestrtacee ea sencte Me eee 1943 80 40,486 40,486 |184 3 3 0 
31 Costley.s 2 Ao ease Ae dey See ee ee ne 1939 40 83,8322 19,146 |365 14 2 0 
32 Bdtington’ aAeasen hese one ee ee 1932 600 1,504,878r 195,408 |365} 132 13 0 
33 Halsall ia.11s7 ate eee he Ec acl hicemaeae aoe 500 525,206 172,505 |249 13 2 0 
34 IHS p Rood 2h cee swt on eon eee .....{1940) 120 198,430 68,990 |328 3 0 0 
85 ERO WAR sits ita Aton. «1c tive Dee ee 1940 40 3,851 3,558 1365 1 0 0 
36 VOY cere teach eeaeint 5 ovhaweangeca ats Sones eae ee mee 1940) 700 433,298 304,005 |365} 16] 10 0 
37 inden ee 5 ok acscughe/ cate ue AR ae ee 1939 40 19,049 8,765 |249 1 0 0 
38 Wnoxctinley & ccs acee sdcielers actegec nae teen oe eee 1923 700 799,255 168,709 |365| 121 10 2 
01) Ba MoTnnibds 4, dae: s'etun swear neon eee ae 1940] 400 601,423 198,773 1365] 86] 8| 4 
40 INQDragkaie ceca ce iii stk cine ncdieen et meee ee 1922} 140 1 24,217 |249 4 ut 0 
41 INOW NOI Clty cho Saco ot foes cae ee 1941] 400 290,535 133,460 249] 10 0 0 
42 etrolie rence cngereich yaar aces sais oe oe ee 1902) 3,000 : 83,417 |365 2} 10: 4 


> Footnotes to column heads 


and explanation of symbols are gi r 
1 Tncluded in county total. ee mi EEDONE SRS Een SEE a 
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TABLE 1.—(Continued) 


Wells Produc- 3 . Deepest Zone Tested? 
ing? Dec. 1943 Producing Formation to End of 1943 
os 
- 2 bo > 
s Gravity Sa : 
2 PI. Name and Age’ SBS POS s Name ee 
EI 3 3 Pho See S ii q Se 
Zz 3 s |g | s&s (33 5/ 3 ag 
g $= q | es| BGS (SHE) 3 ic 
3 aa A | Sx |, ges |Fa<| § at 
ei 1 Cisco, P 8 Por | 1,000 « | A |Bllenburger | 5,426 
: : a Cisco. Pen S ed Pe = ML | Cisco 1,557 
Strawn, Pen Sy or 706 Ellenb 5.414 
ee ° Ellenburger, Ord DL | Por| 5321s} 7 | * | Ellenbureer | 5, 
4, 0 1 {nen L | Por) 4,468 | =z | z | Mississippian | 5,165 
Canyon, Pen NI Por 2,200 
5 1 34 Strawn, Pen s Por | 3,600 z A | Ellenburger 5,748 
Bend, Pen L Por | 4,876 ; 
6 0 9 Cisco, Pen 8 Por | 1,453 8 | MC | Cisco 1,500 
7 5 1 Detrital, z DCgl sal rane 30 os nes ed 
8 0 1 Bend, Pen L ‘or 360 z x enburger i 
Strawn, Pen S&L] Por} 3,800 20 \ A. \Eilenbergee 5,272 
Pen ‘or A 
pi. 125 Bend, L | Por| 4,620 | 10 
8 Por 4,337 10 Be ie 4,901 
10| +14 5 Strawn, Pen 
maz} .0| 10 Cisco, Pen S | Por| 1,630 | 8 |AM|z 4'901 
12 3 0 Bend, Pen L Md en af ‘ Ellenburger Hee 
L ‘or z ‘ 
mist 1 Bond, Pen L | Por] 4735 | 20 | N Jz, 559 
Caco. 8 ‘or z isco 4 
; i 0 4 a ee s Por | 4,135 3 z | Ellenburger 5,433 
~ 0 64 Cisco, Pen § Por 1,040 I A jz 5,295 
Cisco, Pen 8 Por 1,638 
Ais} 1 2 Chappel, Mis if Por | 4,927 z | z |Ellenburger | 4,973 
Ellenburger, Ord D a Teed 
19} 31 ; Bead | hg L | Por so 10 | A |Bllenburger | 5,850 
pel, Mi L Por | 5,550 
20 8 ing oy m= s Por | 4,656 15 z | Ellenburger 5,335 
21 0 
22 4 
10 z | Canyon 2,700 
Canyon, Pen | L Por | 2,600 
23) 0 | 
J unsigh ae) Por | 1,340 z | ML | Strawn 4,265 
24 : atin oe ge Por | 3,025 z | M | Strawn 4,326 
~ 0 U. Canyon, Pen L Por} 2,525 20 N_ | Ellenburger 5,598 
a7 0 
s Por 3,190 25 
ie og L Por | 5,451 z>| AM | Ellenburger 6,100 
4 Chappel, Mis Be aap, |oaad. | 2 {illenbeeger? 71 5014 
. en i 
oH Chappel Potis , Por 6,010 z z Coes ae 
4 § | Por| 1,035 | 18 | ML | Cisco 
31 Cisco, Pen 8 Por 395 
f 15 N |z 2,064 
82 { Ciscoe Pen <i Se rei } 
aaron, a 5 “i x50 z A | Ellenburger 6,048 
precede : id run 20 Ellenb 6,538 
P 5,972 z enburger F 
* ; a pon a ie 5,460 15 z | Bend 5,606 
Sal 9 { Strawn, Pen : ae ree \ z | A |Ellenburger | 6,213 
ee ee § | Ppor| 41130 /| 15 | z | Bend 5,527 
Ay aFeas 4 i ie io f 10 | A | Cisco 1,716 
8 0 { i ‘or , 
. e Per ae a Foa } 10 | A | Cisco 1,404 
a . me z ” 4 Por 5,746 10 A | Ellenburger 6,098 
fi Y : {Sram Pen . i aint zr z | Ellenburger 6,837 
41 9 Chappel Mis 0) , 
? s Por 230 | 12 
é (: e Ve he Aid ID f | AM | Pre-Cambrian | 4,289 
42 z, Pen or , 5 
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TABLE 1.—(Continued) 
Oil Production ~ Number of Oil 
Total, Bbl.¢ and/or Gas Wells! 
~) 
oD 
= 
| Aten = 1943 
Field, County = Proved, a 
se o 
sg 2 — To End During |A| = = veya 
E a of 1943 1943 ed bese ES = 
eo Oa} -5| 2s a2 3 
= | ee) ea ey 
2 3 2) Ba) Bye 
pe at eS: Oo | 4 
43 Resa ete eee ch atta eae RE ee 1939] 840 361,786 118,255 |249) 21 1 0 
dA) Wei Samanke st okie iM i. 3-c8 es CREE hae Me 1937| 550 759,877 86,030 1365, 81) O| 11 
Al ok SMbing sett oh eee. FA Ree ee ee 1941] 80 168,381 100,332 (328) 3] 1] Of 
46]. D MBtephiens sor oe a s.c.c cf e See e e 1943] 80 33,426 33,426 |229) 2] 2] O | 
47 |") “WaylorClay Gncl. Boddy). a-cacsaa-seueseakean acne 1938] 600 676,647 237,935 (365| 115| 17] 8 
Agh & Watsons acta oi. conck it: bomecR cheer 1942] 600 109,931 75,390 350} 14| 4] 2 
‘4ol¢ «-* Worahiamd.ct/,.0 Sy g A ee eee 1923) 200 1 28,518 [365] 13} O| OF | 
50 Wright-Barry ee ee eee tee, OS 1926] 60 1 2,940 \365, 11/ 0} O | 
Oe eeasd Haag Te ae a 
53 Gan Cen County ss. ..c esate ae eee 11,110 | 15,968,012 | 2,741,293 l6zz | 87} 25 
Bel jo pendent et 200. rad. geee ae 1935) 880 4,108,399 272,560 (365 128] 0| O 
BH: : Bid indies. eS be ei a 1924] 20 1 2,044 |365] 2/ 0] OF 
BG) PY Bindél.) ween een. Bae eee ee eee 1941} 80 111,289 62,472 (2981 7] 1] O 
57 ante cy ON ERT ©) 9:2 REE ME Cas 1926) 580 1 182,828 |365} 168] 0] Oo 
58 OBO oad aie iars bch State Hee ete 1943 40 2,292 
Dangle. ......-2-see.seeeee ee Peete y 2,292} 46, 1] 1] O 
Gof Baggies Pee ea 120] 10; | tee iat] a0] 0] a 
Se leg © eel Gghe ANS 1,196 |121| 30] O| 17 
61 Muenster etc uiar..n at t os e 1926] 1,900z 1 597,029 |365| Gaz | 2] 1 
62 Osbura css ee een oe 
Gal: cPilatiPoint a. crs) 1c ew ee 1930 30 id ges ame lass! a8 [0 
64 Talbotbes: 56-0. kena: Meee ee ee ae aa ee : 
64 ADO essen net te ren nneaetscneyecvae 1936] 40 37,856 3,327 |365] 6] 0 
85 a eee rere Nees errs 1939] 300 207,135 52,666 (365, 53] 0 
87 WAAL Ro Beek eR Te oe ee on ae — 365 49 0 
Sa SMe RATES Oe Smet oe. : 819 365) 69] 7 
68 Walnut B 
alnut) Beridy.. 1.2.( hase ee ae ee 1938] 3,000 | 5,900,787 | 2,009,845 |365] 161 | 31 
69 Wheelock ii s.Ssscnies « 
Poli stir, sa oP ance tee ioai]_i40| eee | _oeioo eas! 8 | 0 | Om 
bon teas ch ic Fo 1s orig as Blas cee ta ; ; 0 
ers County is. d ce eh eee Oh ae 8,360 | 29,218,020 | 3,394,319 z| 49 ie 
72 Johnson! y-'a 260-5 ewe Sak 1933] 380 |  1,749,43 . 
salen Thialias eh f ac 08, sn Meee ee ee 1927] 180 "350,2 : aLoss lesel a |e aga 
74 Abandoned fields...<. vse. s.vehed dc Me ee aa et ae : . 
75 Total Foard County2s.. lec Lae ae 1940] 120 17,353 $5) 5 | +0 [280 
Fac Ca rt COUNT ah alc em 680 | 2,117,047 64,714 84 | <0) ae 
PRMeg i> AUN Ge he eel Rae abe 
77 Bioafe Aebuhh hs (A's Soke Oe Ce ot ig Spay Ee oe . 
78 MoDonald i sy. te. ek 800 346,054 214,744 (328) 20 u 2 
79 Mayers eaee ah cst ce atte ae ee 160 20,218 20,218 |229 3 3 0 
UP, WAST) agree ark aR IR could, Bie — 61,357 30,406 |266) 6] 2] 0 
aie pba ce. ee re 15,876') ~ 15,875 (214) 1 |) ae 
82 Taubert-McKee............ 40 658 658 | 31 1 1 0 
SEN Webb has sk RR Ae = 6,599 3,045 |365) 1] 0} 0 | 
84 AWS Heme eee tice noc. ol OMe eee 40 3,516 842 [365 1 0 0 
GELB Wallsend s Ay 1 Ae, Soc a Sse 6,443 148) 2] 21 0 
86 Worsham-Steed............... 40 12,800 12,800 |310 1 1 0 
87 Allrother fioldsvervunhenn cit aed ee se 43,580 26,999 /328 2 0 07 
88 Total Jack County............... =| 21,867,382 1,516,636 zy) 17) 61 
: 3.33. ae z | 22,479,529 | 1,943,713 = | 4a enes 


* Field abandoned, 1943. 
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TABLE 1.—(Continued) 


Wells Produc- | Character . . D t Zone Tested? 
ingo Dec. 1943 | of Oil! Peodacing Formation “to End of 1943 
Oil i 
——EEEEE > 
| Grayit, ' ee m Ain, 
pee API. Name and Age? % 2] SoBe [28] 3 Name Ries 
» 3 at 60°F 2 | 38) 28" See! 5 om 
ae S | 80 | abe seq) z pas 
= Se & Su eos “= oo) & oe} 
2 | =a A |58| BS |BEZ| § SS 
& o) = = |- nD Qa 
Strawn, Pen S Por 4,050 r 
4 9 42 { Bend, Pen L Por 5,350 40 \ A’ | Ellenburger 5,846 
0 70 z Ciseo, Pen 8 Por 1,180 15 z | Cisco 1,945 
1 2 48 Bend, Pen _ L Por 5,588 z x | Ellenburger 6,262 
2 0 48 Chappel, Mis L Por | 6,011 x z | Mississippian | 6,049 
0) 111] 40 | Cisco, Pen S | Por |{ 1 i990 | isf| A. | Cisco 1,852 
5 : 4 { Bea, 7g 4 he “ee \ z A | Ellenburger 6,051 
: 3,400 | 10 
f Strawn, Pen s Por { 31995 20 et aa 
49 0 8 38 Bend, Pen L Por | 5,588 z - enburger , 
Ellenburger, Ord D Por 5,780 zr 
50 0 5 z z, Pen Ss Por 840 z z | Strawn 4,112 
‘ 51 1 0 45 Chappel, Mis L Por | 6,153 z z | Ellenburger 6,795 
52 0 0 
63] 88 | 990 
ré4 U. Strawn, Pen Ss Por | 1,605 
tn 9 ai 4l {ft Strawn, Pen Ss Por | 1,950 \ 10 | AM | 2,710 
55) oo 1 47 ‘| Strawn, ~~ 5 »~ ene A z | Strawn 3,919 
Strawn, Pen or a 
56} 2 8) 38 | See eee Ord DL | Por] 330 a} A |Ellenburger | 3,247 
Strawn, Pen ‘or 1,125 
7} of] 45} = eee ted bu | Por| raost| 20 |MCl= 2,042 
58 1 0 37 Ellenburger, Ord DL Por | 2,179 z | z |Bllenburger | 2,183 
ee, © je Dea iar wna gtts 
0 0 z Strawn, Pen or ’ z A 
“ Cisco, Pen Ny) Por 707 10 
61 0 591 33 Canyon, Pen Ss Por 990 z A | Ellenburger? | 1,960 
fp Strawn, Pen $,L Por 1,585 15 
0 1 ¥ Strawn, Pen i] Por | 2,309 10 z | Strawn 2,320 
eee eos 20S Sua egg 
40 iy or , x 7 
. Ps 30 —s Pen 8 Por 1,125 8 A sz 2,163 
0 43 37 Strawn, Pen s Por 1,475 8 | AM|<c 2,095 
0 63 38 Ellenburger, Ord = hes raed ~ z | Ellenburger 1,793 
J , Pen or 10) 
ie aang g Po { 5,141 | 20 
26| 135| 34 L. Strawn, Pen T1{ 5,496 | 204] N | Ellenburger | 6,110 
Simpson, Pen s Por | 5,206 30 
Ellenburger, Ord L Por | 5,413 30 
0 8 z |, Pen S | Por| 130 | z |N |z 1,397 
0 7| 41 | Strawn, Pen S$ | Por} 2,221 | 10 | AM] Strawn 2/380 
29 |} 1,185 
1 9 50 Canyon, Pen L Por | 3,600 Pre-Cambrian | 5,003 
0 5 39 { Leamgyh er 8 ad 2, 500 \ z az | Pre-Cambrian | 2,550 
0 0 
zx 14 
4,760 z A | Ellenburger 5,809 
il 0 43 Bend, Pen L Por 5 
Strawn, Pen ee gee oes } z | A |Bllenburger | 6,177 
a 4 he Steeda L | P| 318° | 20 Ellen 6,040 
4 8 or F F enburger i 
0 é Fauld (Suse Pen S | Por| 2401 | 10 | 2 |z 3,804 
{ 0 40 Bend, Pen L Por| 4,579 | 10 | z | Bend 4,589 
0 1 40 Mississippi, Mis L Por | 5,443 Lz z |Ellenburger | 6,011 
0 1 42 Ellenburger, Ord D z 6,388 z z |Ellenburger | 6,501 
0 41 Strawn, Pen $ Por | 2,892 16 z | Ellenburger 6,175 
i 2 41 Strawn, Pen 5 Por | 2,322 10 z |Ellenburger | 6,011 
4 j loosaur| Bend, Pen L | Por| 4375 | 2 | z |Ellenburger | 5,631 
3 vilechatas | Strawn Pad L | Por| 4094 | 2 | 2 |z 4,822 
: 34 678 
p 62 | 697 
4% . 
a 
ia 
a 
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TABLE 1.—(Continued) 


Oil Production Number of Oil 
Total, Bbl.¢ and/or Gas Wells/ 
3 | 
S 
> | Area = 1943 
Field, County 2 eee > om | 
5 z ores To End During [A | =¥ 7 
4 A of 1943 143 | #/S=/ 8] 8 
p 3 3) 2 eae 
g 5 S| es) 8 | 3 
og a] A} O 1S) =< 
Montague County: 
89 CK ae cart ute Stes atetatetar a eye aee ane ale AG eee 1933 300 2,157,3482 104,398 |365 69 2 0 
90 ReUsOR Nets ean ~ eR one ia es 1941 100 61,752 16,545 |249 4 0 1 
91 Bonita tere:..6 iowrceghyar ce enter as seen noes ee LOSG roe 878,203 261,367 |328 20 0 18} 
92 BOwerst ernie tak eo ee eee e Sp ate LOSSIe = 850 1,072,006 349,129 |249| 39 3 07 
93 Chapman and McFarlin.......... : ae See 1941 20 45,397 19,682 |328 if 0 0. 
94 Clingingsmith. . ye 2 ne ee een | Let 200 139,078 48,377 |328 6 1 1@ 
95 Denyers 2:3: 4.5 eens eae eee 1943 40 12,985 12,985 |189 1 1 0 
96 Manesirn. dicsletc eee eer ee > 1 ea? 40 3,770 2,938 |365 1 0 0 
97 Horestburgt ys) aceee ae oer ae eee 1942 300 211,773 116,562 |328 7 0 19 
OSI") SFist ie teh che eee 6 eae 600 | 180,373 | 175,410 |354) 14] 13] 0 
99 Holt tree tear: 240 838,965 49,695 |365 37 0 (e 
100 Hultz and Owens. 80 95,513 14,461 /365 5 0 il 
L011] See eillinois-B eridiasee ae era eee ee sete 200 44,796 42,396 /365, 4) 3) OF 
102 Ketehuits joseph rae Se eee 80 3,296 2,841 |365 2 1 0 
103 Mueller tee aa. fecra cree, crate ieee ee en ne ee oe 200 101,110 72,139 |328 5 3 0-7 
104 INOCOna) sara, crt o te SS czas Nae eos ete et cee Pa 1918} 3,200 | 31,768,951z) 1,025,156 |365| 950z 1 15 
105! Se sRisapolds = 2.083 ee Se ne ee oe 1940] 520 633,969 | 262,908 |328 13] o| o- 
106 Rogers and Rogers (incl. Dodson) ................... 1939] 1,100 2,120,602 481,831 |249] 52 a 0 
100| A. Spndars ast la: bts ara Ae oO ee 1942] 160 | 164,632 85,417 [328 ~+=4| of oF 
108 DG ltge er Sh) Poa toate Po a one a Re ee 1933 300 1,361,663 192,081 |365 52 0 og 
109 Seita-King Fy PER Ce PLE eM ees: a 1942 40 3,385 2,216 |365 1 0 07 
110 Stone burg! ear: ec oe ne ee eee ee 1941 200 59,978 44,039 |249 5 3 0 
Ai) Thomasies.. Sh Vind” ee eee Ae 1941] 20 4,142 1,194 |365] 1] Of oO 
112 MPurnery eee eee eee, ee ee, ee ss Sees 1941 40 21,621 7,260 |365 1 0 O- 
113 Abandonediticlds a, el eae See ee eee es 1940 80 6,802 234 2 0 1 
114 Totals Montague County nT INE Ae a cae 9,290 | 41,992,110 3,391,261 1,263z} 36] 21 
Wichita County: : 
115 Ainportidiaun: ons eee hee te ae ....|1943 80 10,805 10,805 |184 2 2 0 
116 Asylum: os. sit Seen eco Pe ke ae ees 1938 80 102,891 15,104 |365 3 0 0 
117 Davidsonscson...: eee eee See sre LORS 80 15,140 15,140 |153 2 2 0 
118 K.M.A.-Ellenburger................. ee es ee MT 5,724,599 2,917,102 |365) 169 ih 5 
19 KC MGA -cstrawitt cn. ek cae ceeeenn ae -.....|1931] 30,000 | 51,898,884 7,866,503 |251) 1,622 14 9 
120 Ontesnake-deieo te oe ea ee : ....}1940 140 259,037 58,849 |365 37 0 0 
oe Underwood act gem yoniee : 2 re es 60 73,057 8,650 |365 10 0 0 
122 WiesGiert ye aor ac ear be. Cee : P 1943 200 33,813 33,813 |153 5 5 0 
ue ain Be eee oi pee Me z z | 328,192,234 3,654,553 z| 35 | 231 
al Wichita County... + Be ere 
Witaroel Countee z | 386,310,460 | 14,580,519 z 65 | 245 
125 Castleberry............. : ee ica cl MSE 200 619,877 105,161 |249 24 0 0 
126 Consolidated.......... ae maak Mya lps! lk ae 700 1,528,021 250,784 |249 56 4 2 | 
127 Hlectra-Bllenburgor vest ic. ona ocsaemee tee a ee 1941 80 27,511 9,546 |249 2 0 og 
128 RAR ROS crthee arene e/a 01s wee Se ere oer te ee ce aet 2,000 2,259,017 1,170,369 |365 50 5 og 
129 MUATAAD Ahsan stevia oath coe y ace Oe 1926 200 1 12,321 |3 
acs tim Leer 4 6, 
1s cate 1 Sere SACOG ce one ee A 1941! 320 210,605 97,736 349 3 : 
1 mine Fe it as oax 5 8 « Perel aa aaa 1939 80 77,585 5,101 |365 10 0 og 
i Peei ery: ae aes nee oh Caen eine Seite: Par 1936 20 29,829 6,436 |365 2 0 0 
g-Waggoner........ Aire (s 104) eet oe SR a 1936] 120 138,834 9,757 |365| 10 0 0 
4 
j 
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TABLE 1.—(Continued) 


Wells Produc- | Character 4 
ing? Dec. 1943 | of Oil* Producing Formation Deepest Zone Tested? 
to End of 1943 
ke s = 
ar Gravity ae Zz 
| s A.P.I. Name and Age? ca > Ese fo Si otice 
2| » | s at 60°F § | 58] soe 28s] 8 Nate ee 
| & S S 238 aren Seam) 3 on 
o| & | $2 s 0 | ses [33 5| 8 - 
A| 2 | Sa s | 5] Bs [SE 2 cl 
S| = |< SB |st|ac’ [g&<| # as 
i) 0 5 Canyon, Pen SL Por 1,48 
‘ a eae Pen S$ Por 2471 \ z | AL | 2,484 
90; 2 1 44 Bend, Pen it Por| 5,840 | 10 | z | Bllenb 
Stra P = 5 enburger 6,014 
91; 11 8 40 { wn, Pen S Por | 5,240 9 
% ae ~~ 8 Por | 5,443 15 } A | Ellenburger | 6,975 
9 27 anyon, Pen P 2,0: é z 
93 i , rr {Stay Pen § Por th 4 } A | Granite 4,300 
rawn, Pen Ss Pi 18 
94 0 5 40 Bend, Pen Cel Por aia) 10 N ape i 
95 0 1 40 Bend, Pen L Por | 6,073 S z | Bllenburger 7,766 
96 0 1 Bend, Pen Cel Por 5,828 z 2 Ellsabarge 7/073 
3 3 Bend, Pen Sob Port mtra | os ha \Simpernei (8147 
eH ive { Bend Pen Cal | Por| 6,050 
60 ~ \ Simpson, Ord DS Por 7.170 \ = z | Ellenburger 7,413 
, ‘anyon, Pen LS P 1,7 i 
100 0 Bend, Pen rae et i - Baatad 070 
; 10 4 Strawn, Pen NI Por { eee} x z | Strawn 4,982 
102 2 Strawn, Pen 8 Por 3,338 6 A | Ellenburger 7,506 
103 0 { Bend, Pen L Por 6,015 : 
Suopes, Ori | Bory oot] 2 | A | Bllenburger |7,270 
a {atv i : Por 230 
t ‘anyon, Pen P i 
Sirsa, Pos 2 es : } x A | Granite 3,024 
end, Pen Cgl P 5,690 10 
105 { Ellen x r, Ord Dh Por 5.800 ai N_ | Ellenburger 6,092 
E wn, Pen S&L] Por 4,280 20 
oa { Bend, Pen GaeL| Por] 125 | is}| A | Bllenburger | 6,988 
107 Bend, Pen Cgl Por 5,962 20 z | Ellenburger 6,860 
108 { Canyon, Pen L Por 1,610 Ne 
Strawn, Pen N) Por 2,015 8 % 2,741 
09 Canyon, Pen 8 Por 1,630 = or fees 4,066 
os ar Bend, Pen Cel Por | 6,233 8 xz | Viola 6,610 
5 lg Pen s Por | 3,023 z z | Ellenburger 4,646 
A Bend, Pen Cel Por 6,222 12 z | Ellenburger 7,501 
‘114 
115) Strawn, Pen 8 Por | 4,415 z Ellenb 5,401 
116 Smithwick, Pen L Por | 5,076 20 : mone a a98 
117 Ellenburger, Ord D Por | 5,350 z z | Ellenburger 5,364 
118 Ellenburger, Ord DL Por | 4,330 30 | AC | Ellenburger 4,881 
119 Strawn, Pen SL Por 3,500 25 | AC | Ellenburger 4,881 
120 Cisco, Pen 8 Por 1,313 12 N | Cisco 1,340 
wi21 Cisco, Pen i] Por 1,200 6 z_ | Cisco 1,482 
a Strawn, Pen s Por | 4,228 z z | Ellenburger 5,687 
124 
¢ 
Cisco, Pen 5 Por | 2,170 9 
125 { Canyon, Pen L Por | 3,190 15 \ oF ie 3,750 
? — = <2 “i ees 10 
trawn, Pen or 750 20 
126 Bend, Pan re Por | 4,025 40 A | Ellenburger 4,381 
Ellenburger, Ord DL Por 4,300 17 
127 Ellenburger, L Por | 3,627 8 z | Ellenburger 3,635 
Cisco, Pen $ Por | 3,200 25 
128 Canyon, Pen L Por | 3,970 15 A | Ellenburger 6,717 
g Strawn, Pen § 
129 Cisco, Pen ) 
130 Canyon, Pen $ 
Slo Cisco, Pen § 
132 z, Pen S 
133 Cisco, Pen 8 
- ; 3 Includes 102 wells used for gas input. Allowable for these wells produced by other wells. 
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TABLE 1.—(Continued) 
Oil Production Number of Oil 
Total, Bbl.e and/or Gas Wells’ — 
BS] § 
b - 1943 
Field, County 2 > 7 
i) 8 To End During | A 23 3 
4 A of 1943 43 | #| B= | B | 8 
A gee elaq 
3 5 S| BE| 8 | 3 
4 Ge ck cies 
134 Tawson a. ce cbi cee eceicceecies eee ane 1935, 288,484 18,680 |365| 15 0 O- 
135 1 ELAN ANP IARI GS VER ne UR tootets Seek © 1943 2,048 2,048 | 31 1 1 O- 
136 Millham SE Ris Aen Nome es 6 aes en eee 1925 1 4,528 |365) 14 0 1% 
137 Phillips Ring fw iia yc. Soe ob sere eee eee 1938 149,607 28,216 |365] 7} 1) -29 
ABS |hk “Potts Qeghens yoo arte fecha a eee oe 1942 33,004 10,825 249) 3] O| O- 
139 Rock-Crossing-Canyon: «....:,. 200 4...2 eee oie - eee ener 1940 533,667z| 208,046 |249) 32 1 O07 
140 Rock-Crossing-Ellenburger...............-----2-++-- 1941 157,117 94,096 |293 i 1 0 : 
141 Rogers-McCrary . 17,578 17,578 |214 5 5 07 
142 Waggoner Ranch 14,805 14,805 |150 5 5 oF 
143} Wilkinson.......>........ 8,945 8,945 [214 1] 1] O07 
144 Teoria so tag hes ladbvace a ans ake io cn ee 1 4,463 |365 12 0 O- 
145 All other fields”; buco doce ere cc oe oe eee 1 1,814,984 z| 10] 247 
146 TotaliWalbarger County. stesso so eeenneee 83,242,553 | 3,894,425 z| 88} 29 - 
Young County: ig 
TTI" Shar ree. SEO oe a ee 1941 77,990 68,017 |249] 15] 12] 0 : 
LAS) © > Bagnelt ofc ian sean So A I Ae 1943 12,626] 12,626 /122) 1) 1/ 07 
149 BIGUnbs . aceots teste c ort e ROR ne ee ase 1940 21,303 2,612 |249 2 0 0 
150 Burns-Larrimotey 3 3.50.4. h. ea en ae 1941 72,152 21,576 |249 4 0 0 j 
151 Burnsctagland: $2.5 .cc dees eees ene ee eee 1941 126,678 105,276 |354 6 1 oF 
152 Mis Dawa in Silie Gsisj- ake ctg bate an aie eee ee eee 1942 892 5,576 249] 1] Of] O- 
UBS INS | Death. ta. tegite Seytjnieicb ie om Sei RRO ON eect eRe 1936 2561942 1,864 |284] 12] Of] 7 
TD4| fe Wish’ Crock. acich a. eee ns Maat 1937 138,817 21,370 (365) 9] 2] 27 
LBB lp" Garvey, ca ctisccr act Meera ies Sot ee oe ee 1941 34,468 22,395 |249] 2) 1] O i 
156 |" Holbert sos. chock She, 0, See oe ee oe 1942 27,048 26,554 249) 1/ O| O- 
157 | ie Jaines, s2s eee Ba bate Se ae a 1928 1,939,073z| 140,763 |249} 90] 0} 3 
158 Kerlyn-Lovinig sas. lactrnealot ane oh ak tee ae ee 47,616 15,248 |249 4 0 og 
fOO1 I) Pe Konith teeta. to cup acs aeeice ee atte aaa eee 645,696 46,784 |284 25] O| 5 } 
160] Knox (incl. Bennett and Briar Creek) 1 426,0754/249| 116] 7| 6 
ne Lupton McLester 1,044,4292] 141,464 |249 57] 8] 1 
Morrison te.) i¥, oo “toa teers aM eee 8,397 8,397 |153 1 1 O- 
163 IMiunray: scieic< he iesre ca) sre.c oe etna fan ge ee, 1937 94,459 93,280 |344 9 4 0 : 
a Newcastle “ay. dets, .a0 Sierohs« cctee raat eran cee ee ee 1941 55,883 19,632 |365 5 0 0 : 
UG 4 UL ae ee A SCS Ser ae ol 1942 123,532 92,142 |342 5 2 0% 
TOG. Bowell acdiivte. 5.2.41 eR ee 1938 1,285,991} 247,0524/249| 63 | Of} 2 
167 Taylor=Young 2h. :d-qatiies vs cic Ochs econ gee eee 1941 12,719 2,794 |249 2 0 0 ; 
q A | 
168 Williamson 2\ic/</5 of Oe «bc cies cc Sean, dee, ee oe 1934 172,845 53,437 |249 6 1 0 | 
LGD] 5 em Wisely ans chtisae yanks ak tis ot oF Mla. she ee, I 1938 189,553 29,684 }249} 4] O| O i 
170) = \WlVother fielde.<). Leis. 0 Mc eae he ' 
171 Total Young County eat 81,394,007 Seer'ait . : Ms iN9 
815,016,674 | 41,666,980 z | 546 | 736 
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TABLE 1.—(Continued) 


Wells Produc- | Character 


: se Produci : Deepest Zone Tested? 
ing? Dec. 1943 | of Oilé ucing Formation to End of 1943 
Oil 
a yin Et. lave 
a af Pas Name and Age/ * 2 gh |e 8% « ; 
E ~ | 3 | at oor = S | se | sgh [gee] 2 Nene ree 
Sel & | Se & | eo | sé¢ |B3y) 3 ag 
Sat 2 | ts A | 5S) Bes (BAS! E oc 
134, 0) 15] 41 ‘| Cisco, Pen Bo 1be) Pane | cot |e 3,174 
135 0 1 38 | Canyon, Pen L | Por} 2,786 | 10°| z | Granite Wash | 4,725 
0 8 z “peda ~ 3 ee nts 2 | 2 |e 2,725 
co, Pen ‘or ,900 
137] 1 4| 38 Canyon, Ps b | be) geotl 2 | * |e 3,370 
trawn, Pen s Por 4,053 11 
. : : 42 Ellenburger, Ord DL | Pec} #308 | qi}| 2 | Bllenburger | 4,583 
z ‘anyon, Pen L Por | 3,015 10 z | Ellenburger 3,815 
140 4 3 39 Ellenburger, Ord DL Por | 3,770 10 I Siiesborack 3,852 
“a g : a es Ae. = A Hee 10 N | 2,003 
lenburger, ‘or | 4,390 20 A | Ellenbu 4,509 
143 0 1 40 Bend, Pen L Por | 5,780 x £ ilenburses 6,133 
' 4 : . e. rz Cisco, Pen 8 Por | 2,190 15 z |z 2,863 
.146| 39 | 1,647 
7 Canyon, Pen L Por 1,686 il 
147)—«:10 5 38 Strawn, Pen s Por | 2,720 15 A | Bend 3,607 
; Bend, Pen L Por | 3,550 20 
148 1 0 z Mississippi, Mis L Por | 5,180 z z | Ellenburger 5,530 
i 4 2 = Ss Pen i : ed ee 10 xz | Bend tes 
| ississippi, Mis or 872 A i 5,100 
meus 4 1 42 Miasiospri, 3 Mis L Por | 4,850 ZA A Hilenbargar 5,288 
152 0 1 38 Bend, Pen L Por | 3,847 15 xz |Ellenburger | 4,920 
B53: 0 4 41 Bend, Pen L Por | 3,746 12 a | Ellenburger 4,815 
154 0 5 36 - | Bend, Pen L Por | 3,350 z N | Bend 3,637 
A : “ ia — — K = Raed z z | Ellenburger eo 
, 9 , Pen ‘or f x z | Ellenb 5, 
; Bend, Pen L Por { 3,867 ral ae 
157; 16 35 38 aie 4,275 z A | Ellenburger 5,442 
Linney Mis = ed apes 
trawn, Pen ‘or 5906 
au o) af 2 arms L | bor ‘50 A. | Ellenburger be 
@! 5 7 38 Bend, Pen ‘or 760 A |z 4,32 
oe Strawn, Pen s Por | 2,750 
160/36 46 41 Bend, Pen L Por | 3,900 z | A lz 4,853 
4 Mississippi, Mis L Por | 4,766 
161) =33 12 40 Bend, Pen L Por 3,800 x Alte 4,833 
- 162 1 0 43 Mississippi, Mis L Por | 4,439 15 z | 4,737 
i 4 ae Pen L Por a it} ae 
7 41 , 14 GWE : 
4 eee. Mis L Por | 4,466 z 
164 1 4 40 Bend?, Pen SL Por 3,970 zt z \z 4,977 
165} 5 0 44 Missiesipp ‘Mis 2 ia he z | z |Ellenburger | 5,001 
-, trawn, Pen or * 
o 
166} 23 15 44 Bend, Pen L Por { sas xz | A |Hllenburger | 4,636 
167 1 1 44 Bend, Pen L Por | 4,250 z z | Bend 4,486 
7 Strawn, Pen s Por 2,940 
168 0 6 45 { Bend, Pen L Por | 3,960 L z | Ellenburger 5,246 
Mississippi, Mis L | Por| 5,000] 
169) 2 ota { Bend, Pen DS ag {4350 | z | 2 |Ellenburger? | 4,891 
ay Mississippi, Mis L Por | 4,595 
170} 35] 2, rs 
171) +181} 2,24 
~ 172} 1,701 pias 
4 
S 
if 
7 
< 
ai 
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TaBLe 2.—Summary of Drilling Operations in North Texas 


Discovertms, EXTENSIONS, AND Important WiLpcaTs DRILLED DURING 1943 


Drilled By 


Well No. and Farm 


502 
Field County 

yt Browning.) s2 3 eee Cre ec eee tea er tetera Archer 

2 Burns-lekertac.ssac-ue aeeniece ean aes p ater ne ast Archer 

3) |) Muller ae cor ie oe A een sia crete va Archer 

AlhMittleawWaehrbaee ences tase Pcce is hie aes she etree =e mae Archer 

6) ePan= Cirylor. sass neta tee nae torre cst ous te Archer 

6 Archer 

Moa) ESUIET Sal VLTCL Ww BY; shen eacs = ee eye stuck ote ueesat r= tated etme Clay 

CHG Gc ee ee a i ed ee or a Coogee Clay 

DAS Gephemser. vtec «.<1s-evajeeieatetes, seston sree totais Pena rs caterer Clay 

LOA Ritter soc Choma Ree Bee Me oR mam enert Nggeen naohccc”c Clay 

11 Clay 
(ABE dO peeanite Rao meee attraca Peter cece Ane cs Cooke 

ASH Fleitinig il yorsevseat 2. oee ahs tees ners sae eet eee eae Cooke 

14) WalnutiBand. 4-5 thc he 2 tec eee ee Cooke 
ThiliWalnut Bend) anew. celts. Aaa eae eee ee Cooke 
1 Of I eee ee See ee ee Mec rage many onc Jack 
be [ala Const Can ee a RO RS nS Sen eae See res es are Jack 
18) MeDonald!s...3.%s,..c conten soa: ee eee eee Jack 
TQS | PBI, Meera tec csstias cs -<tecersatll A shove ako aM 2 eee are Jack 
20)p Pursley:is oo) hgete hotest a acc ee ee Merde ena ee Jack 
DA Welt Jasons. one feo <7- SO ae ee ee eae Jack 
DOW Ole seers ate ass, Pacts. Shae eee aloes Jack 
935) Denivers a: -¢ heetie ots. Wesco eee oe eee Montague 
24) Hildreth S325 «ten Goth tare. one Rae Ree eee eee Montague 
25 Miurellert ses aine se, « okwwsts saucrea ce iene eee See Montague 
DGurAirpor tee pee teehee tsake Se ce eee Wichita 
27 Davidson se Ae hace Soc Son eee Ne Wichita 
28: Wiest xine sca nte ere ce 7) one asuer alates ae tage eae Ta tee Wichita 
20) | Main eet Se eae. cay sce ee ee eee Wilbarger 
30: Rogers-McGrarvies..ic, bom. cee tee oe eae Wilbarger 
31)| Waggoner Ranch...) Jct020... aotenos de= = nai seat We barger 
32) WalKINS OR Wer yiemee tose. cis, mole arene nea sc rare ae Wilbarger 
BES IN SE cq) 105 oe Re ARIAS! A cere Aaa eae eS Young 
Bai Mish: Creeks :Gaas2-0 ee oa es hee ete ee ee ie eee Young 
SBith Morrison sey ey oh cecil, Young 
SON MVEGE TAY: rs fey Pile ntl; dirs 9 Sei ctor ee ee Young 
BUGIS Gch uae eee whee Acetate Nee. eSB Young 
SS IMUETay: Sackett cha « aetna aes eee aie eee Young 
90. Maurras: ees oz heer nc cet e  e Young 


Perry Browning 

L. T. Burns 

Tom B. Medders 
Phillips Petr. Co. 
McCarthy & Coleman 


Continental Oil Co. 
Shell Oil Co. 

Roy Lee, Tr. 

Phillips Petr. Co. 
Benson Bros. et al. 
Sinclair-Prairie 

F. Snuggs et al. 
Hanlon-Buchanan 
Hanlon-Buchanan 
Standard of Texas et al. 
Standard of Texas et al. 
Shell Oil Co. 
Continental Oil Co. 
Shell Oil Co. 
Sinclair-Prairie 
Continental Oil Co. 
Continental Oil Co. 
Consolidated Oil Co. 
Consolidated Oil Co. 
Continental Oil Co. 
The Texas Co. 
Rogers Bros. 

W. T. Waggoner Est. 
British-American 
British-American 
Keith, Reimer et al. 
Deep Rock 
Anderson-Prichard 
Anderson-Prichard 
Anderson-Prichard 


Standard of Texas, et al. 


Fee No. 3 

A. F. Ickert No. 14 

O. M. Fuller No. 1 
Wilson-Luke No. 1 

W. H. Taylor No. 1-A 
J. R. Parkey No. 1 

J. P. Thompson No. 1 
O. O. Ross No. 11 

T. J. Stephens No. 1 
R. F. Wynn No. 1 

C. T. Maddox 
Danglemeyer No. 1 

J. H. Cooke No. 1 

W. E. Winger No. 1 
McGeorge-Snuggs No. 1 
Ellis & DuBose No. 1 


R 

W. T. Pursley No. 1 
W. C. Weir No. 1 

. N. Wolfe No. 1 

. R. Henderson No. 1 
J. Hildreth No. 1-A 
W. Richardson No. 1 
A. Laukhuff No. 1 

A. Davidson No. 1 

G. T. West No. 1 

E. Main No. 1 
McCrary No. 1 
Waggoner ‘““MM" No. 1 
Wilkinson No. 1 
Carpenter-Barrett No. 1 
Wallace Heirs No. 1 
R. Morrison No. 1 

W. T. Donnell No. 1 
J. Latimer No. 1 

H. C. Meyers No. 1 

S. R. Donnell No. 4 


Pewt. 


ie 
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Discoveries, EXTENSIONS, AND IMporTANT Witpcats DRILLED puRING 1943 


Initial 
oii) Choke or 
Producing Depth Total Deepest er Day Bean, 
Surv. : Completed, Horizon Fractions Remarks 
e ey Formation rt Depth Tented see 
ou U.S Inch 
3 Bbls, 
4 7 
. P. Hunt Strawn 4,936-4,978 | 4,983 | Strawn 828 34 choke | New pay 
3 3 a Bend 4,468-4,472 | 5,165 | Mississippi 478 44 choke | One well only 
$3/H. & T. C. Bend 5,360-5,375 | 5,507 | Ellenburger 340 Pumping | One well only 
4\A.T.N.C.L. Bend 4,881-4,891 | 5,623 nd 377 38 choke | Three producers 
5) A. T. N.C. L. Ellenburger | 4,937-4,973 | 4,973 | Ellenburger 872 38 choke | New pay, extension 
6) S. P. R. R. Strawn 4,329-4,351 | 4,351 | Strawn | 95 | Pumping | Extension to old field 
7) St. Augustine Mississippi | 6,005-6,044 | 6,044 | Mississippi 1,197 14 choke | Three producers 
8) W. Walker trawn 4,050-4,060 | 5,527 | Bend? 118 Pumping | New pay 
9] G. W. Stipps Mississippi | 6,011-6,049 | 6,049 | Mississippi 390 %2 choke | Two producers | 
10} J. Cook Mississippi | 6,153-6,283 | 6,795 | Ellenburger 1,998  |2 choke One prod., no failures 
11|T.M Hughes Bend 5,475-5,506 | 5,672 | Bend? 25 Pumping | One prod., now shut down 
Langford Ellenburger | 2,179-2,183 | 2,183 | Ellenburger 818 34 choke | One prod., no failures 
% A® Patterson Strawn 1,148-1,170 | 1,702 | Strawn 60 Pumping | Seven pkgs eee 
14| Fannin C.S. L. | Strawn? 5,495-5,535 | 5,550 | Simpson? 885 |2 choke New pay, 28 producers 
15| Fannin C.S. L. | Strawn 4, Re 6,010 | Ellenburger 119 Pumping | Extension 
-16| J. W. Williams | Bend 4,785-4,827 | 4,828 | Bend 515 | M4 choke | Ten producers 
'17| J. 8. Porter Strawn 2,712-2,725 | 5,953 | Ellenburger 65 Pumping | New pay 
18] Wm. McDonald | Strawn 3,518-3,538 | 6,040 | Ellenburger 136 3 choke | Three producers 
19|T.E. & L Bend 4,578-4,589 | 4,589 | Ben 245 | 14 choke | One well only 
i N. A Slaughter Mississippi | 5,443-5,634 | 6,011 | Ellenburger 35 Pumping | One vel aly 
-21| G. Kaltrider Strawn 2,328-2,336 | 6,011 | Mississippi 67 Pumping | Two oe now 
T.E.&L Bend 4.375-4,405 | 5,631 | Ellenburger 69 | 2 choke One we! bal y 
W. E. Martin Bend 6,073-6,087 | 7,766 | Ellenburger 81 Pumping | One well only 
E.T.R.R Bend 6,061-6.107 | 6,109 | Bend 1,133, 6 hr. |1 choke | New pay 
F. Hamilton Bend 6,015-6,027 | 6,073 | Bend 341 | 98 choke | New in ROSES 
Cherokee C. S. L.| Strawn 4,415-4,465 | 5,401 rot nay ney 4 a s jreacas se Brod. fe fee) Le 
R. McDowell Ellenburger | 5,353-5,364 | 5,364 enburger Hs : 74 Oke ae — atin! 
4,245-4,260 | 5,687 | Ellenburger 185 742 choke | Five prod., 
BEG |earon | 27-8 473 (Gente Wom 2 Pate | Bp renon tla 
_&T. i 1,476-1,489 | 1, i “ s 
i £ t. & Ellenburger 4429-4490 4,509 et hes ee bye bite failures 
ae Se tee pte ted bey Fria emia 293 | 34 choke | One well only 
E. W. Sargent Mississippi | 5,180-5,195 | 5,530 ienburger bats be A wy aiden 
M.E.Criswell | Bend | toe Isy | adsr | Miasiaippi | 263,” | }4 choke | One well only” 
Mi ome Bend | 41182-47195 | 4.768 | Ellenburger 132 i choke | Extension dts 
pone Cy 5. a secre Fe Lee 78, 3 hr. | 34 choke | Extension, one prod. 
Walsh Bend 4.254-4,259 | 4,858 | Ellenburger 278, B 4 
. Mf “&L Bend 3'745-3.750 | 4,606 | Mississippi 82, 6hr. | 44 choke | New pay 
Number of oil wells completed in 1943 
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Oil and Gas Production in North Central Texas in 1943 


By V. C. PrERInti, Jr., 


Tue North Central Texas district as 
herein defined includes the counties of 
Brown, Callahan, Coleman, Comanche, 
Coryell, Eastland, Erath, Fisher, Hamil- 
ton, Haskell, Hood, Jones, Lampasas, Mills, 
Nolan, Palo Pinto, Parker, San Saba, 
Shackelford, Stephens, Stonewall, Summer- 
ville, Taylor, Throckmorton and Wise. 
These counties as listed are the counties of 
District 7B, State Railroad Commission. 
In the new designation of districts for the 
TRANSACTIONS, the North Central Texas 
district includes most, but not all, of the 
counties of the previously classified West 
Central Texas district. This district covers 
the south central crest and the west flank of 
the Bend flexure north of the Llano uplift. 
The west flank of the Bend flexure is on the 
east boundary of the Permian Basin of 
West Texas. 

The greater part of the oil and gas pro- 
duced in this district has been from 
Pennsylvanian strata. Some oil and gas 
has been produced from the lower Permian 
(by the latest selection of the Pennsyl- 
vanian-Permian boundary) and minor 
amounts from the Mississippian and 
Ordovician sediments. Increasingly impor- 
tant quantities of oil and gas are to be 
expected from the older sediments’ by 
deeper development in proven fields and 
by new discoveries. Most of the oil and 
gas in the district has accumulated in 
localized, well-defined structural traps in 
limestone and sandstone reservoirs and 
in traps due to stratigraphic changes in 


Manuscript received at the office of the 
Institute April 12, 1944. 

* Geologist, Merry Bros. & Perini, Oil Pro- 
ducers, and Vice President and General 
Manager, North South Oil Co,, Abilene, Texas. 
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sedimentation, mainly porosity traps in 
limestone and sandstone lenses, both | 
usually associated with some structural 
feature. These features are found by sur- — 
face and subsurface geological structural | 
mapping, by core drilling and by geo- 
physical surveying. Geochemical methods _ 
are also the basis for some wildcatting. 

The demand for sweet crude oil from | 
this district is firm for local and national | 
consumption, but the market price for the | 
oil remains practically the same as in 1941. | 
The price is not adequate to meet the re- | 
quirements of the average independent _ 
operator with the continued advance in | 
production, development and wildcatting — 
costs. Stripper wells are being plugged daily 
and should be jealously saved for the 
future local and national reserves, espe- | 
cially in view of the fact that new dis- 
coveries of commercially important oil and 
gas reserves are not keeping pace with 
consumption. An expected economic dis- 
ruption attendant upon the national war 
effort has arisen and continues in the future 
outlook for this district. The lack and 


| 


delay of securing replacement parts for 
almost all oil-field equipment has handi-- 


capped and delayed operations and has | 


decreased efficiency in wildcatting, devel- 
opment and production. Sufficient experi-_ 
enced drilling, scientific and office personnel _ 


is lacking because of inductions in the | 


armed forces and migration to war indus-_ 
tries during the period before manpower 

conservation became effective. The office — 
personnel of the average oil and gas pro-_ 
ducer continues to be swamped by the 
increasing demands for reports by state — 
and federal bureaus. An average of 10 days 


: 
: 


: 
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of each month is required for these com- 
pilations. Duplications are very evident, 
which should be remedied by combining 
many forms to serve more than one state 
and federal bureau and other forms should 
be simplified. 

The average pool in the North Central 
Texas district was not adaptable to the 
original Federal 4o-acre spacing regulation. 
The new Federal order issued in May 1943, 
allowing 5, ro and 20-acre spacing patterns, 
depending on depth, was timely and caused 
an increase in the development of known 
pools and a decrease of dry holes in the 
proven areas. 


GEOLOGY 


.- Geological debate continues as to the 
proper designation of the Permian-Penn- 
sylvanian boundary in the western area of 
this district. Also in the debate is the cor- 
relation of the productive sandstone and 
limestone reservoirs within the several 
counties. This is due to complications aris- 
ing from lateral variations in sedimenta- 
tion, the lack of system in naming the 
numerous producing reservoirs and cor- 
xelating with the established individual 
members of formations. Most of the 
productive pays are given the name of the 
owner of the land on which the discovery 
well was drilled or the name of the com- 
pany that drilled the well. These names, 
by local usage, are given eventually to the 
individual members of the formations 
without any attempt of clarification by 
use of established nomenclature. As a 
result, some producing zones and forma- 
tion members have several names. The 
formation and reservoir names used herein 
are the names adopted by local usage, and 
no attempt has been made to clarify the 
nomenclature by correlation with estab- 
lished members of formations. The basal 
Permian (Wolfcamp) and upper Penn- 
sylvanian (Cisco) have numerous minor 
disconformities or diastems, channels and 
probably a major disconformity between 


5°5 


the two series, which add to the per- 
plexity of the problems. M. G. Cheney,! in 
his geological studies of North Central 
Texas based on paleontological and litho- 
logical determinations, defines the Permian- 
Pennsylvanian boundary as 4o to 150 ft. 
below the Saddle Creek limestone. In 
subsurface the position of the Saddle 
Creek limestone has been established in 
most of this area and is used extensively 
in correlation determinations as an impor- 
tant datum. For the purpose of this report 
and subject to change by additional study, 
the Permian-Pennsylvanian boundary is 
placed at the contact, usually a weathered 
zone, at the top of the Flippen limestone 
with the base of the clastic zone below the 
Saddle Creek limestone. In this clastic 
zone are the productive Bluff Creek and 
Flippen sandstones. 


PRODUCTION OF GAS 


This district has been and is one of the 
important gas-producing districts in the 
state and an earnest attempt was made to 
compile cumulative gas-production figures 
for most of the fields for publication, but 
the limited time available for preparing 
the report and the lack of cumulative 
records for the gas produced made the 
task almost impossible. Only the gas pur- 
chased from a few of the fields by the Lone 
Star Gas Co. and the Community Natural 
Gas Co. is listed in Table 1. This is a 
minor amount of the gas that has been 
produced in the past and is being produced 
at the present time. There are numerous 
gasoline plants, recycling and repressuring 
plants, which are not listed. 


DRILLING AND DISCOVERIES 


The total oil production during 1943 
was slightly more than in 1942 (8,964,888 
bbl. in 1942, 8,966,243 bbl. in 1943). The 
Railroad Commission production schedule 


1M. G. Cheney: Bull. Amer. Assn. Petr. 
Geol. (1940) 24, 1. 
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TABLE 1.—Oil and Gas Production in North Central Texas 
ee EE 


OIL AND GAS PRODUCTION IN NORTH CENTRAL TEXAS IN 1943 


Oil Production Gas Production, | Number of — 
Total, Bbl.¢ Millions Cu. Ft.¢ | Oil Wells* 
Yer Area 
* Field, County Dis- ie ee 
2 covery | “TS” mo End | During | ToEnd | During | ~to Bnd 
2 of 1943 1943 of 1943 1943 of 1943 
a = 
re 
Brown County 
di'Brown wood, Wast*. 32557 odaucm-cs oes cele tetas 1919 1,600 2,184.7 271.4 
2 OSE tae cre nce cect reece nares nie arcrciahain siaaee ated 1927 1,800 2,118.9 607.7 
BiB yler. pa kao see er i comards «ciat aaa se eeeeeS 1926 300 868,462 4,430 20 
4! Burd: Storevscccsise «= sciemanie bea eiosuie seems eters 1920 400 406,890 2,012 i 
BMC nildtese Ay 282s bav.cistaraxcrstvan lata ces eeahe aes 1927 300 926,818 20,964 59 
6|(Clark-Bialtalo: Ssemen)stae = qe neers eS oe 1927 460 826,886 14,604 28 
fA Cross! Cubi Ares... 9c). se. 0 seed ook eens 1921 2,300 6,552,180 60,914 132 
Sihiryee sence tcc ee ae ee oe ieee Oe meee tea 1925 940 8,081,456 70,291 83 
QiiGeorwe:, cee verso ewe one eae 1927 200 941,815 35,389 31 
LO} Jannellan* yo. 3 cee cee er eee eee 1918 1,600 7,323.8 734.4 
A Balt: Creek?) 52" totein acne are eee e 1928 1,500 180.8 180.8 
T2\:Snith Hilisiy sn... eee meas ate eck ee oe 1926 450 |. 2,464,881 39,527 36 
FEARS) gs pete om weno sae ae Rating sotiae as cuss ool 1926 1,500 7,764,519 114,238 155. 
14) Others. sAi A Arrieta ace as REE Le 1917 5,800 2,892,307 59,971 253 - 
15) ‘Total! Brown County.)../2c. .c..aness asec sear 19,150 | 31,726,214 422,340 804 
. 
CaLLAHAN County 
16] Bawmd. = 0s. oe cee Rea rt 1925 500 945,442 7,897 18 
LY Hatchetticsscce on eau eee See ee eee 1927 375 1,505,519 25,464 80 
£8) Isenhour esces eases oe arent oe ee 1923 600 2,297,683 8,627 119 
19M Moutray ace eo a en cetera eee 1926 400 2,726,667 43,060 89 
20): Scranton yy ss eens beac ere aan Gentes 1939 160 101,467 16,112 8 
2 Ul ORDOLS nee sinters: se ee hae eC eeee 1920 9,620 7,898,928 141,089 810 
29)| » Total'Callahan County... (2.5250. .2. 5.2.02 11,655 | 15,475,706 242/249 1,124 
CoLemMan County 
Si Angaeh MOrrisy. 525u pnts. Noa ass eee eats ee 1937 200 253,094 50,353 14 
24! Burkett, Shallow.............. aS nee one te 1924 850 2,596,564 60,666 173 
25 eee Deeb secnecttcmva teen eee ee eee 1930 160 728,957 6,816 17 
26! Cokker etn eee cre Ae Seance ya aioe meee 1942 400 162,370 108,641 13 
27 Diba Gayle et vee. Ae donee Sere eee 1926 320 565,794 29,415 17 
28 Eastland io Perdts Sat cc. Son eh ec tar ana ah iat 1927 270 2,161,914 25,339 22 
29 ce od Dat nee adsense tae) AO as lense eel 1927 260 1,080,334 46,193 | 2,912.6 225.2 10 
SOl. Jennings esr sock eae oo ena eee 1926 160 520,578 10,798 25 
31} Jim Ned (Jim Net) ee te re ne ee 1941 200 27,178 11,156 469.7 288.5 2 
39 Morrigt. aloof tae. cet Pet oeten eee eeaees 1925 1,000 450.2 | 854.0 3 
33 Novices cpt fic ce eee parte eae ee 1927 1,050 1,074,273 188,164 48 
34) Overall” .¢ Pedi teeta tuk ee cote acted ay ine, aoe 1927 340 1,450,632 35,589 523.5 91.7 7 
35 Santa Anna’ (Santa Anna*)s, An. ocscaeee ee 1915 240 487,452 10,736 | 3,585.3 | 1,825.1 10 
36) Silver’ Valley.e* 2 ee fen cata cee ene eee 1941 640 210,977 91,616 13 
87 StewardsGn: 4. \kems seo Rea eee ee 1929 240 469,010 11,825 14 
38] Valerater. kemmerc cet ae acer acer eee 1918 1,500 1,315.4 103.8 
39 Otherstc tay, ates oh eae ear eee een ae 1910 1,000 1,208,067 26,486 16 
40| ‘Total Coleman County)... f027 0.2... 0202.8 8,830 | 12,997,194 713,793 404 
CoMANcHE CouNTY Z 
41) Amity. (Raia) HUE Pe LOA ear 9 aMhotinouancetss 1939 297,573 67,230 
42) (Sipe SPLIN gs, ace cstecccntereolsioe - eet Acree 1919 1,500 6,452.6 | 564.7 = 
431 Sipe: SprimgasaaearAt yon.ccueeniee sane come eae 1919 800 714,028 14,028 
4} Othore etek Soke Moki sic navarancled coke oe 981,458 10,211 668.0 31.3 
45| Total Comanche County..................00. 2,300 1,903,059 91,469 112 


Comancue, Easttanp, EratH Counties 


*See page 271 regarding listing of gas production. 


23,771,044 


127,202 


» Footnotes to column heads and explanation of symbols are given on page 270. 
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TABLE 1.—(Continued) 


Wells Producing Character “ 
Dec. 1943 . of Oilé Producing Formation 
4 Oil ; 
& 
3 Gravity Depth | Av. Ft. 
Gh g pees Gas API. at Name and Age? Char- Top |Bottoms | Struc- 
Z | Flowing | ficial 60°F. acter* | Prod. | Prod. | ture 
2 Lift Zone | Wells 
- | 
5 ——?= 
Brown County 
"1 13 Big Saline, Pen L 1,700 A 
2 30 Big Saline, Pen L 15-1,700] A 
3 39 Fry, Pen 8 1,300 | AL 
4 37 Big Saline (Bend), Pen L 2,450 A 
em 5 35 Childress, Pen 8 800 AL 
a 6 42 Fry, Pen 8 1,150 NL 
7 40 Cross Cut, Pen s 1,200 | NL 
8 42 | Fry, Pen 8 1,300 | NL 
9 39 Fry, Pen 8 1,300 | NL 
10 24 Caddo, Pen L 1,100 A 
11 6 Big Saline, Pen L A 
2B 41 | Fry, Pen S 1,300 | NL 
13 41 Blake, Pen s 1,200 | NL 
14 5 Pen §-L 100 3,000 
15 3 Sil 78 
ae CaLLaHAN CouNTY 
/ | 
gy 16 39 | Cross Plains, Pen s 1,780 NL 
17 |- 38 Moutray, Per s) 400 | NL 
18 ) 37 Isenhour, Per-Pen 8 700 NL 
= 19 37 Moutray, Per s 750 DL 
20 6 | | Cathey, Pen Sy 1,675 | NL 
21 Moran to Ellenburger, Per-Ord SL 150 | 4,300 
ay 22 9 1,115 6 | 
of : 
7 CoLeman County 
23 44 Morris-Cross Cut, Pen § 2,100 | NL 
ad 24 34 Burkett, Pen s 400 | NL 
y 25 41 Cross Cut, Pen 8 1,550 NL 
m. 26 13 0 42 Morris, Pen 8 3,060 NL 
- 27 42 Morris, Basal Big Saline, Pen S-Cong | 1,900 3,200 NL 
28 42 Up Fry, Pen $ 2,000 NL 
29 7 3 42 Gardner-Gray, Pen 8 3,850} 3,975 | TL 
~~ 30 32 Jennings, Pen s 1,200 NL 
oe 31 2 o| 4 42 M ray, Pen $s 3,400 | 3,900 | TL 
i 32 3 Morris, Pen § 2,200 | A 
33 48 0 41 Gardner, Pen s 3,600 TL 
34 42 Cisco Canyon-Strawn (5),! Pen s 2,100 DL 
35 38 39 Fry-Big Saline (gas), Pen rs) 1,500 2,200 NL 
= 36 13 0 43 Gray, Pen 8 3,600 | NL 
co - 37 40 ry-Gardner, Pen $ 1,450 | NL 
=. 38 2 Gray, Pen 8 3,100 | NL 
= 39 1 Pueblo-Ellenburger, Per-Ord §-L 400 | 3,850 
40 98 306 | 48 ¥ 
= ComancHe County 
v- 
tf NL 
m 41 38 Blake, Pen 8 600 
- 42 : 25 Big Saline, Pen L 2,700 A 
mee 43 39 Sipe Springs, Pen 8 350 NL 
a 44 8 Strawn-Bend-Hllenburger, Pen-Ord S-L 300 | 4,000 
es) 45 6 106 | 33 
2 ComancHE, EAstiaND, Erato Counties 
46 | | | | 40 | Desdemona (Big Saline), Pen 8 | | 


4 ‘ 1 Figures in parentheses indicate number of productive reservoirs. 
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TABLE 1.—(Continued) 
Oil Production Gas Production, | Number of _ 
Total, Bbl.¢ Millions Cu. Ft.¢ | Oil Wellsf — 
a vee Baer 
ield, County Dis oved, 
5 2 b , leted — 
= covery pee To End During | To End | During Ce End 
2 of 1943 1943 of 1943 1943 of 1943 
E | 
4 } 
Eastianp County 
AT Carbon. 222 ty wih aatacte Seraikic soe eee 1939 200 83,331 7,624 74 
48 (Ciscoe ats 2 SORT 6 ook ite Meet eed cere ae ed 1,675.4 94.9 
49 | Ragtian a: Asis. cnn oe cet arene sey Oo 1923 80 3,251.7 2.2 
OOM burn te tthe Py tone tee aes rae cee 1919 420 1,147,899 9,049 5 
OL Leeray @ets. cae obs eta kas ain sae 1927 31,547.9 | 2,986.3 
O2ih Mangurmacaetare 28h cece neces ene 1922 300 1,051,081 31,464 49 By 
9] PIONEERS ee me ter. orton: CE ee eee 1919 1,400 5,707,509 45,896 53 | 
O4| Ransourene seen cre semen one. See eee ee 1926 250 1,585,477 25,025 8 
ODI Thorpe that teehee eee eee yk ee 1936 160 67.5 67.5 - 
SONOthers{ eS. oko wee ee eee ee 1917 | 28,000 | 66,915,481 525,533 289 
57| ‘Total’ Wastland County: 9. o2.620ssssee ee 30,810 | 76,490,778 644,591 411 
Erata County 
58] X-Ray* 1920 5,600 13,974.0 788.7 
59] Others* | 
60}. Total Erath County. . | 
FisHer County 
Gl Howard a7: cao. tx ee ee eae eee oe 1934 180 211,887 8,215 3 
62: MoCaulley, 220 s.o-0. 5 ie oa oan te gone Re 1941 200 112,570 48,581 6 
OStiRetam ys ss 58 0k katie eee ny eee 1936 640 1,410,207 86,405 27 
GA ROtaN West tas setts sce iar ie ae ee 1937 80 73,512 6,161 2 
G5) ROvStOnsr cee nals Metemeas 7A eee tech 1928 2,900 | 12,055,310 331,070 97 
G6) ‘Total Pisher’Countys-:.:.0. sme acon 4,000 | 13,863,486 480,432 135 
Hamiutron County : 
6 Petevale Po hoe er ee | 1936 | 800 | | | 562.1 345.4 | ] 
Haske. County N 
1942 80 5,774 2,457 2 ¥| 
1928 80 127,018 2,965 6 ’ 
1938 80 74,723 4,125 3 
10 12,072 1,000 1 
250 219,587 10,547 12 | 
Jones County } | 
ido Palkcaed carters sotacteura am cacetlete mace tees Meee 1938 500 397,279 30 : 
VA) Applingteta> A: aewea on € ocak eae 1939 80 71,043 2 ¥ 
Ti) Rvben SH 0.4 1c acess ec alee eee 1935 | 740 | 2,570,397 50 
16|( Avoca; Griffen? 54.2 asec eae 1936 640 2,649,659 64 
Ta |tAvoca,; North. os ci gene ete ac eee 1938 260 191,147 6 | 
7Bl Avaens Went xk tues ok tcnans eae 1941 80 37,974 3 8 
0|( Dorsey), Hawleys- nus spennmc. pl eee ene 1933 600 3,355,195 65 
S01 Guitar iElaw ley. cscs skeen eee 1936 400 847,016 37 
81 AY niatniw%s:syrla'rie shee Sain Weel yiate hehe ieee ERA Ce 1943 40 1,741 
S21 Fenninga, lederdic, xn ws es tse ae eee oe 1934 160 602,029 13 
SS Lewis, Steffens: vn \aachyo.ctoanie aces mena 1936 1,500 2,656,010 162 
a Noodle’ Creak.e.c. tice och adine ce ieee 1927 | 1,030 7,295,773 we 
wallet anteater Bade ulnar akin Orrin 00 21 
ee sates MoM tree ccs EOE 14 
88 EY ee ee ee OR = 
BO Bivlesis «xis c<rcun uk Ore Rete a eee 79. 
LTA] 1). GRR A eC S GS SS. ging cig oe hE | Sl we 6 
OLS GANG, oick ac. sev carceten cata eerie eee 5 
92) Triplett... ese esesseeessseucceeenrenees 3 
ret ait Rojee horas Lanes See epee 61-24D 
Ma QURARR esis serie. «Bes cohen eee oer 18 
Wahine Otc eee ee ae 739-24D 
4 
. 
f 
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Wells Producings ; 
oa Dee. 1943 Producing Formation 
“ 
Oil 

& Gravity Depth | Av. Ft. 

8 Arti- | 998 ca Name and Age? ra ae ede et a 
eZ A : acter ‘ s ure? 
f 8 a Bey Zone | Wells 
Z 
“i Easttanp County ’ 

r of ai 40 Caddo Pool Blk L, Pen L 2,600 NC 
~ 49 6 Lake, Pen g 3,000 

60 31 Big Saline, Pen L 3,100 A 

51 50 Strawn-Big Saline, Pen s 1,950 | 3,800 

52 38 Strawn, Pen 8 1,200 NL 
e 53 41 Pioneer (Parks), Pen L 2,450 AF 
m 54 38 Big Saline, Pen s 3,600 N 
ny a6 a Strawn, Pen s 1,700 
oe 57 30 381 | 109 
; ” 
al Eratx County 
4 58 34 Big Saline (Ranger), Pen Si 3.295 | A 
o Fisner County 
» 

Bol | 38 | Upper Hope, Pen L 3,670 |_AD 
m. 62 42 Camp Colorado-Up. Hope, Per-Pen L 3,330 | NC-AC 
= 63 | 38 | Camp Colorado, Per L 3,500 | NC 
Z 64 39 | Camp Colorado, Per L 3,600 NC 

65 39 Royston (Flippen), Pen L 3,100 A 
/ 66| 0 135 
> 
¥ Hasmiton County 
> 67| | | 5| | Big Saline (Marble Falls), Pen | | 2600| 2800] 4 
2 HaskELL County 

, ] 

68 1 1 40 Canyon (Reef), Pen L 2,685 D 
3 69 38 | Hope, Pen 8 1,800 | NL 
$ 70 39 | Upper Canyon, Pen L 2,850 A 
i. 7t 

72 2 10 

a Jones County 

73 17 13 39 Flippen, Per 8 2,150 | AL 

74 0 2 36 = vastith, Pen 8 2,640 NL 

75 42 8 42 Palo Pinto, Pen L 3,260 A 

76 44 20 42 Palo Pinto, Pen L 3,240 A 

ees | eer A eee 

3 42 o Pinto, Pen i 

a 65 39 L Per U Cisco (8), Per-Pen S-L 1,900 2,300 DL 

— 80 37 Flippen S-L-Up. Hope, Pen S-L 2,000 AL 

81 1 0 40 Canyon, Pen 8 3,690 3,715 NL 

82 39 ing, Pen 5 2,040 A 

83 2 182 38 Bluff Creek, Per 8 1,900 | NL 

84 38 Camp Colorado, Per _ L 2,500 | AC 

85 39 Camp Colorado-Up. Cisco, Per-Pen L-5 2,350 3,000 AL 

«686 4 10 44 Camp Colo.-Swastika, Per-Pen LS 2,726 | 2,950 AC 

87 1 3 39 L. Hope-Swastika, Pen L-S 2,735 3,000 A 

88 37 Bluff Creek, Per iS} “ate ae 

89 22 57 41 Flippen, Per : 8 . re a 

90 4 2 42 Flippen-Hope-Gunsight, Per-Pen S-L 2,350 2,670 . 

91 3 2 36-41 | Palo Pinto, Pen L 3,400 i 

— 92 0 3 36-42 | Flippen S-L Hope, Pen SL 2,190 2,700 eA 

93 | 55-24D 6 38-45 |L. Per-U. Cisco (7), Pen S-L 2,100 2,600 

c 0 

3 


94 
95 | 206-24D 53: 
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OIL AND GAS PRODUCTION IN NORTH CENTRAL TEXAS IN 1943 


il Producti Gas Production, | Number of 
Scie Millions Cu. Ft. | Oil Wells? 
tee eos 
Field, County Dissent Completed 
g covery | AS” | to end | During | ToEnd | During | “to End 
g of 1943 1943 | of 1943 | 1943 | of 1943 
a 
Sg 
fe 
Pato Pinto County 
OS dcop eens amici Bree veneers ore an sere eee 1943? 160 1,509.2 0.0 
a7 Boe EA Oe EAS ven SRS end Lo rie ke ee 1922 320 3,361.3 0.1 
9a): Cordont mae antn oy.!- ant Meat eens 1932 400 739.0 6.6 
OG iLone Camp tii mre amet tie sordiscenet aceite 1929 500 896.3 rae 
LOOM Marston spun css desi nari dtle ae 4 aes eee 1922 479.0 ri 
TOUMNolan MENS oe os onl coer nie sare ae ® eaters 1941 160 95.4 54.5 
102) Rector* 1,498.9 136.5 
103} Ringo 199.3 64.8 e 
104) Strawn (Strawn*) 1915 1,200 3,088,124 41,873 | 28,764.8 | 1,212.8 
105| Others 1,500 2,170,222 47,993 30 
106) ‘Total Palo Pinto\County,-~..2-<: 02-02 4,240 5,258,346 89,866 130 
SHACKELFORD CouNTY 
107 Blutt\Creekane eee oe tases ane ase oe 1930 1,100 4,559,999 239,723 274 
108} Cook Ranch 1925 1,620 | 18,266,293 512,559 393 
TOS) Brve ok ite c ai eohs Panache eames 1925 120 357,379 6,084 59 
170|\Eope- rer on an 1923 220 1,542,322 50,809 57 
DOU Mos. cae ag tee AR ern Iees (nS ee SURObeG. « 1921 1,240 2,499,724 15,349 | 58,614.1 | 1,079.0 20 
UN ye RE eter. rics Rs cudccninaecna se RAN se hemeceee 1937 900 2,252,759 356,078 : 77 
RET ies: Oe Bao ane BARES Een On banne GEE EDS 6 a85c 1927 540 05,334 138,936 48 
TWA} Nowell Ratetcn ccc ie nccln mel seitieusier cinema eee ars 1924 700 993,755 40,383 85 
115)|Simmons-Harveyiaeey 2) ssiseese ee als ce eee 1925 160 475,818 18,357 20 
116)'"Pannehill-Mathews,itcs1... 15 -te se essence acces 1927 300 2,633,782 74,881 62 
C17 Others erste ae te eet een ite, hoe eEee 1911 6,580 11,666,735 336,391 911 
118} Total Shackelford County.................... 13,480 | 45,953,900 | 1,789,550 2,006 
SrepHENs County 
LTD Caddo mNorth* 2.4.40 dulte mers ceine erate cae 1938 391.5 | 318.7 
120 NKCaddowSouth sess ser ei wom er nrteeae tee 1928 264.8 41.0 
Lb Carty Bayes chis nicer ig eee nL RS 1921 2,600 9,944,659 93,490 51 
L22WByrankel® 02,1. he Stratics sae aya arene 1,258.5 41.1 
123 (Hohertg otra wiles e=.cv in fee decimate 1915 850 4,843,045 56,948 84 
[24a Casa® ao. otto on ae tect AE hr eee 3,962.6 119.9 
125 Loving ((ielian) <9 2) 0 ea sone seme oes 1939 360 191,724 49,738 16 
126} Stribling 320 196,075 16,128 9 
AZTIWiles® Seeger weet 400 353.2 27.6 
128) Others sm eee. ecco citer 45,910 | 116,063,600 947,126 453 
129} Total Stephens County 50,440 | 131,239,103 | 1,163,480 613 
SronewaLt County 
130) Aspermount sy desea. be av his eee eee 1940 80 40,533 8,078 2 
132) Boyd a oetae: saverias aud eee Ca eee med eee ee 1939 40 35,051 5,511 2 
139 \Carlisietie te wires 2A oie, toner cre eee 1938 100 124,142 21,942 2 
133} Total Stonewall County...................+- 220 199,726 35,531 6 
TayLor County 
IS4UBo wlan rss oF, 34 vest. cra eae extacic Oe sco ee 1937 120 110,119 2,329 2 
13D Markel grits, x'i.-v ai sca ae Tae 1941 280 132,386 72,260 13 
136 Reddin.. Reis sien Ss. Sen tai ain leas epee 1942 125 129,453 115,901 5-3 D 
132} South Wiewaisctaok.cs aanneennrn hte ote 1940 240 201,927 43,130 649.3 ll 
TAS ilPontirovae ciecevee se cic ater oer ee ORE are oie 1942 80 14,583 3,658 2 
139) OURaRRia ck sersedic tc. Noskt ss von TeU mcs em ee 1929 340 472,885 39,196 19 
140) > Total Paylor’Countyas. svc nev, wen ecsnun eee 1,185 1,061,353 276,474 52-3 D 
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TABLE 1.—(Continued) 


Wells Producing? Characte: 
Dee. 1943 of Oilé J Producing Formation 
Oil 
3 |—————___—_ Gravity Depth | Av. Ft. 
. g Arti- Gas gre Name and Age ee eo oe Struc- 
_ & | Flowing | ficial e. aot Bes e ee 
3 Lift Zone | Wells 
4 
“4 
; Pato Pinto County 
~~ 96 2 Ranger, Pen 8 3,360 
97 2 Big Saline, Pen ) 3,750 A 
98 3 Big Saline, Pen Ss 3,100 NL 
99 1 Big Saline, Pen iN] 3,550 NL 
; 100 2 Big Saline, Pen Nn 3,200 N 
o ‘ Big Saline, Pen 8 3,465 
103 2 
104 31 | Strawn-Big Saline, Pen §-L 3,000 NL 
— 105 15 
106 4 126 63 
. SHACKELFORD County 
s 107 2 37 Bluff Creek, Per s 1,600 | TL 
"©6108 37 Cook, Pen s 1,200 TL 
109 35 ‘| Frye, Per S 450 | NL 
7 110 37 Hope, Pen 8 1,500 NL 
111 17 39 Ibex, Pen L 3,500 A 
112 25 52 39 Cook, King, Palo Pinto, Pen §-L 1,700 3,200 A 
m= 113 0 25 40 Bluff Creek-Cook, Per-Pen Ss 1,400 NL 
= 114 37 Tannehill, Per s 1,100 NL 
115 39 | Bluff Creek, Per Ss 1,700 | NL 
«116 38 | Tannehill, Per N) 1,150 | ‘ NL 
me 117 12 Wolfcamp-Ellenburger, Per-Ord S-L 200 | 4,600 
y 118 | 31 1,975 | 31 
2 SrepHEeNs County 
, 119 4 Big Saline, Pen L 4,000 
> 120 Strawn, Pen 8 2,200 A 
me 121 38 Up. Parks fm., Pen L 3,100 A 
e122 2 2,118 | 3,514 
a a 12 39 Strawn, Pen § 1,850 | MLN 
e 5 
— 125 11 5 4 43 Up. Parks fm., Pen L 3,500 A 
o 126 0 9 42 Up. Parks fm., Pen L 3,600 A 
4 127 1 Big Saline, Pen L 3,640 
_ 128 61 Strawn-Bend-Mis Ell, Pen-Ord LS 1,900 | 4,500 
129 32 581 | 89 
a 
oar: SronEWALL CounTY 
“4 
7 130 0 2 40 Strawn-Mis, Pen-Mis L-S 4,150 6,060 A 
= 13 0 2 39 Palo Pinto, Pen L 4,725 A 
= 132 0 3 41 _ -| Palo Pinto, Pen L 5,175 AL 
4 133 0 6 
4 


Tayrtor County 


i 

5.- 
134 0 Cook, Pen § 1,750 | NL 
135 0 Dothan, L. Hope, Per-Pen L 2,020 2,625 D 
136| 43D Wolfcamp-Up. Cisco (4), Per-Pen L 2,250 2,500 D 
137 5 Flippen, Pen L 2,400 D 
138 0 le Creek, Pen Ss 2,770 N 

3 Wolfcamp-Cisco, Per-Pen 1,600 
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allowed 226 producing days in 1942 and 
249 IN 1943. 

The total number of wells drilled during 
1943 was slightly greater than in the 
previous year with an increase in the num- 
ber of wildcats drilled during the latter 
part of the year. Table 3, as prepared by 
the Railroad Commission of Texas, shows 
the comparison of the two years. It should 
be used with reservations, as there still 
remains a wide difference of opinion as to 
the definition of a wildcat, a semiwildcat 
and an extension to a proven field. Also, it 
should be noted that in the shallow areas 
of this district, where oil is found at depths 
from 300 to 1500 ft. in lenticular sand- 
stones and variable porosities in limestone, 
many of the wells listed as dry oil and gas 
wells in proven fields should be considered 
as wildcats. Some other wildcat oil and 
gas discoveries are not credited in this 
table, because of incomplete records in the 
Railroad Commission files at the end of 
the year. 

During the year this district is credited 
with 1o wildcat oil discoveries, 5 wildcat 
gas discoveries, 5 extensions of proven 
fields and 9 new productive reservoirs in 
old fields. Not many may be considered 
at this time as of major importance as 


OIL AND GAS PRODUCTION IN NORTH CENTRAL TEXAS IN 1943 


large reserves, but future development by 
extensions and deeper drilling may increase 
the productivity of the areas. By counties, 
the following are considered important: 


Coleman County 


The Anzac Oil Corporation No. 1 
Hinds, sec. 700, J. H. Barkley survey, 
is a 14 mile east extension of the Overall 
field producing in the upper Fry sand- 
stone, a member of the Strawn formation 
of Pennsylvanian age. The well pumped 
142 bbl. of 42° gravity oil on potential test 
at a depth of approximately 2000 ft., and 
is on the northeast-southwest structural 
axis of the field as shown by surface and 
subsurface structural geology. 
ment is in progress to define the limits of 
this area. 

The Sohio Oil Co. and Hunter & Hunter 
Williams No. 1, sec. 18, T. and N. O. R. 
R. Co. survey, block 2, is a wildcat oil and 
gas discovery credited to core drilling and 
subsurface structural interpretation. The 
well produced 15 bbl. of 40° gravity oil 
and 1200 M cu. ft. of gas from the Gray 
sandstone, a member of the Strawn forma- 
tion of Pennsylvanian age, at a depth of 
3723 to 63 ft. An analysis of the 4o ft. of 
sandstone drilled indicates the upper 
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Oil Production Gas Production, | Number of 
Total, Bbl.¢ Millions Cu. Ft.¢ | Oil Wells 
| 
Year } 
Area 
2 Field, County a Proved, ; 
Ss wy | Acres? 
: covery ToEnd | During | To End | During | Completed 
2 of 1943 1943 | of 1943 | 1943 | Ce 4g4g 
a 
a 
UNTY 
45,387 17,370 2 
18,746 9,412 2 
1,980,395 38,350 ll 
808,362 13,265 6. 
1,201,631 117,122 230 
4,054,521 195,519 251 


1,463 | 840 | 
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_ 25 ft. as gas sandstone and the lower 15 ft. 


as oil sandstone. On completion, the casing 


was cemented through the gas sand. The 


operators are now drilling the second well 
990 ft. west and 330 ft. north of the dis- 
covery well to test the sandstone below the 


gas cap at a lower structural position. 
-Future drilling will ascertain the value of 


this area as a new oil and gas reserve. The 
new discovery is 11g miles south of the 
West Novice field, which produces from 
the Gardner sandstone at about 3600 feet. 


Jones County 
The R. H. Roark No. 1 Sears, a wildcat 


_ oil discovery, sec. 37, T. and P. Ry. Co. 


survey, block 18, between the South 
Noodle and the Irvin Noodle fields, is on a 
separate structural feature and the dis- 
covery is credited to core drilling based on 


structural information on the Bull Wagon 


dolomite of the Clear Fork formation, 
Permian age. The discovery well is pro- 
ducing from the ‘Lower Hope,” a Penn- 
sylvanian limestone reservoir, at 2735 to 


2738 ft. The well on potential test flowed 


253 bbl. of 39° gravity oil through 2-in. 
tubing in 24 hr. Since the discovery, other 


wells have been deepened to the “Swas- 


tika’”’ Pennsylvanian sandstone at a depth 
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of 3000 ft. The first well drilled to this 
sandstone produced 60 bbl. of 44.5° gravity 
oil in 24 hr. by flowing through 2-in. tubing. 
Four wells were completed at the end of 
the year, increasing the productive acreage 
in the Noodle Creek area 200 acres. 

The Cardinal Oil Company’s No. 1 
Carter, sec. 33, T. and P. Ry. Co. survey, 
block 18,-a new productive reservoir dis- 
covery in the South Noodle Creek field 
encountered a shallower reservoir at 2446 
to 2448 ft. The well pumped 274 bbl. of 
40° gravity oil in 24 hr. This reservoir is in 
the basal part of the Camp Colorado lime- 
stone of Permian (Wolfcamp) age, and it is 
the same productive limestone (Noodle 
Creek) that produces on the west flank of 
the original Noodle Creek pool. Eight wells 
were completed in this new reservoir at 
the end of the year, increasing the pro- 
ductive area 200 acres. 

The Great Lakes Carbon No. 1 Hardy, 
sec. 11, T. and P. Ry. Co. survey, block 4, 
is a wildcat oil discovery and is producing 
from a Canyon sandstone of Pennsylvanian 
age at the depth of 3690 to 3715 ft. The 
well flowed 154 bbl. of 40° gravity oil 
through a }4-in. choke in 24 hr., tubing 
pressure 75 lb., gas-oil ratio 250:1. This 
sandstone reservoir is new in this district 
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ee EEE 
ec seal — g of Oil = | Producing Formation 
Oil 
a Ch Prt loti ae St 
; - 0 ruc- 
g 2 Gas | A.P.I. at Name and Age? ace Pred. Pr TS Pbk 
& | Flowing | ficial | Zone | Wells 
oOo 
THrockMoRTON CouNTY 
4,050 A 
41 1 1 40 Parks, Pen L i 
142 1 1 40 Parks, Pen L nn i 
143 1 38 Parks, Pen L B00 i 
144 37. Canyon-Strawn (3), Pen 8 1,750 ,150 
145 Cisco to Chappel, Pen-Mis S-L 300 | 4,500 
146 4 247 
Wise County 
8 | 5,818 | 


| 39 Big Saline, Pen 
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and correlates with the Canyon producing 
sandstones above the Palo Pinto limestone 
in the North Texas district. The well was 
completed after being plugged back from 
a total depth of 4812 ft., at which depth 
the well penetrated the Upper Strawn 
formation of Pennsylvanian age. The Palo 
Pinto limestone, the Avoca field productive 
reservoir, was not encountered in the well 
as the limestone apparently is replaced by 
dark calcareous shale. The discovery of 
this pool is credited to geochemical 
methods, making the second success and 
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the sixth failure for this method in this 
district. The new pool has been defined on 
the east and southeast by two dry holes 
due to the absence of the producing sand- 
stone. It has been limited to the northwest 
by a structurally low dry hole, which 
encountered 75 ft. of the producing sand- 
stone carrying salt water. Subsurface 
control to date suggests that the accumu- 
lation of the oil is due to a sandstone lens 
trap associated with a plunging anticlinal 
nose combined with a structural terracing. 
Further drilling will ascertain the eco- 


TABLE 2.—Summary of Drilling Operations in North Central Texas 


Important Wildcats Drilled in 1943 


Location 
Total f Deepest 
County Dae, ee ales 
i este 
Sec. | Blk. Survey 
1) Coleman 687 J. P. McLean 3,162 Per Strawn Pen 
2| Coleman 18 2 |T.&N.0. 3,763 Cre Strawn Pen 
3| Coleman... . 700 J. H. Barkley 2,098 Per Strawn Pen 
4| Eastland... . 66 4 |H.& T.C.- 3,448 Pen Big Saline ? Pen 
5| Eastland 67 4 |H. & T.C. 3,600 Pen Big Saline ? Pen 
Gl Pishen weg es, «30 ear Bn er ee 180 2 |H. &T.C. 3,626 Per Cisco Pen 
RiPRUsherdeecs.ces Se ele, ON WR RtR, ae, See 51 1 (PE eee. 3,302 Per Cisco Pen 
Si Jones. teehee oe ents ae ee eae 37} 18 | T.&P. 2,735 Per Cisco Pen 
iO FKomeg svete tee ernie re omy era eee ee 40| 18 |T.&P 3,000 Per Cisco Pen 
RO Somes reise thy Acree 2502 lesen te ae EE 33} 18 |T.&P 2,448 Per Wolfcamp Per 
AU Tones4.h at ee aes. fc a ee ae roe ae 11 4 |H&T.C 4,812 P.B. P 
2) JONES S aerereis a Shans eevee cle ree eee 20} 17 |T.&P 2,200 iS Wale. Per 
A (PONG i Ste ucla thee eoarant ence eee eects 3 J. W. McKissick 2,535 Per Cisco Pen 
14) Palo -Pinvorrcacciaca canvas ene abinne aecieertts 59 Pal Ned te ot 3,973 Pen 
15| PalowWPinto: 5% gro eaey ca ene cee meet M. E. Conaster 1,471 Pen 
1G)\PalovPinto: at =< a seepereny Beane ee. Saree 52 2 hee. 3,949 Pen 
7| Shackelford ss ance mente te. eat et eine eee 139 E.T.R.R. 1,611 Per Cisco Pen 
LSI Shackelford src. ctr ete een hee oes sae 166 E.T.R.R. 1,501 Per Ciseo Pen 
19|Stephens say teers nour ee eee ele 1,092 T.E. & L. 4,250 P.B. Pen Big Saline Pen ? 
BO Stephene ors: ot oe. oe Nee oe Te te ae 1,122 T.E. & L. 4,230 Pen Chappel Miss 
2 SNS baphOns svn terse Rau acecteoaieeteecce teenie eat 114 T.E. & L. 4,170 Pen Chappel Miss 
22 (SHE DH ON Bar ccutien Shere sec PINE ain ack RRS J. C. Garrett 4,372 P.B. Pen Chappel Miss 
23] BtADHOR sate Ko eee een 46 ft OTe 1,859 Pen 
OREO ice 5 : ; Strawn Pen 
- oe Ee ia iste NI at oe 1,144 T.E. & L. 4,601 P.B Pen Ellanburgestel 
- oes SRO RPC O CTS Tate NA ne meee ean 69 oP. ee) 1,981 Pen Strawn Pen 
a pores DL inva ea rele OI ee a Soa ratte 2 1 SRR. 4,150 P.B Pen Big Saline Pen 
PGE Orr, cis: hehe hae one eae ic 456 S.P.R.R. 3,610 Pen Big Saline Pen ? 
OB | Tay LOB mart tc tsci.iarsak co kS a sieraie a antec arte Me ict 9 | J. F. Nabors 2,632 Per Cisco Pen 
20 Piy lone fates, «1.02 sie ce Pee ee 9 |J.¥F. Nabors 2,650 Per Cisco Pen 
B0|Dbrockmortolaes.«.: \.. as eanesceemen eee 1,691 TE &L. 4,311 PB. Pen ? L. Pen ? 
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nomic importance of this new field as an 
oil reserve. 


Wimberly Field, Jones County, and Reddin 
Field, Taylor County 


The development and dual completions 
of the deeper Pennsylvanian reservoirs in 
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the Wimberly field, Jones County, and the 
Reddin field, Taylor County, have added 
considerably to the oil reserves of these 
fields and this district. The reserve esti- 
mates as yet are not available. The two 
wells dually completed this year in the 
Reddin field have proved about too acres. 
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Important Wildcats Drilled in 1943 


Initial Production Pressure, Lb. 
per Day Choke or| Per Sa. In. 
. —-* Bean, 
Drilled by | Fractions Remarks 
Oil, U.S | Gas, of an ; 4 
BbL. | Millions} Inch Casing | Tubing 
| Cu. Ft 
i 
1| Ellis & Estes 18 P Discovery, Pen Gardner § 3134 to 3140 
2) Sohio, Hunter & Hunter 15 F 1.20 z 1,150 | 1,150 | Discovery, Pen Gray S 3723 to 3763 
3] Anzac Oil Corporation ~ 142P Extension, Overall Pen U Fry 8 2000 
4) Hickok Prod. & Div. Co. 2.80 1,250 Extension, Ward Pen Lake S 3448 
_5| Hickok Prod. & Div. Co. 2.00 1,280 sc! a reservoir Ward Pen Big Saline 
6] Northern Ordnance, Inc. 30 P ee Howard Pen Up Hope L 3721'to 
7| Stephenson, et al (2 hr.) 225 F 2 New prod. reservoir, McCauley Pen Up Hope 
L 3301 to 3302 
8| R. H. Roark 253 F 34 Power, Noodle, Central Pen L Hope 2735 
to 
9| R. H. Roark 60 F 2 200 New prod. reservoir, Noodle, Central Pen 
Swastikas 2998 
10} Cardinal Oil Company 274P New prod. reservoir, Noodle, South, Per Camp 
Colo L 2446 to 2448 
11] Great Lakes Carbon Co. 154 F 14 700 75 | Discovery, Hardy Pen Canyon § 3690-3715 
12} Fain & McGaha 73 P Discovery, Patterson Per Tannehill 8 2200 
to 2205 
13| Alder, Merry Bros. & Perini 25 P weeds Hawthorne Pen Up Hope L 2535 
to 
14| W. K. Gordon 0.83 1,395 Discovery, Pen Ranger S 3969 to 3973 
15| Hickok & Reynolds 2.70 500 Extension, Pen Strawn § 1451 to 1468 
16| Palo Pinto Oil & Gas Co. 0.80 1,480 Discovery, Pen Ranger 8 3949 
17| Roeser & Pendleton 91P Discovery, Pen Cook S 1605 to 1611 ? 
18] Kleiner, et al 1.80 Discovery, Pen Tannehill S 1490-1501 
19| Ben F. Reed 800 F 2 200 100 | Discovery, Corbett Pen Big Saline S 3950 _ 
20] T. P. Coal & Oil Co. ‘3 hr.) 503 F 114 650 550 | New prod. reservoir, Eliasville, East Miss 
Chappel L 4224 to 4230 i 
21| T. P. Coal & Oil Co. ‘3 hr.) 165 F 2 675 30 | New prod. reservoir, Eliasville, West Miss 
Chappel L 4160 to 4170 : 
22| T. P. Coal & Oil Co. 7.90 New prod. reservoir, Eliasville, West Pen Big 
pisiees : aoe Sti § 1841 to 1856 
23| Cherry, Barren, Kidd 5.80 660 iscovery, Pen Strawn 
24| J D Hancoc 22F 200 60 | Discovery, Pen Caddo L 3251 to 3271 
25| T. P. Coal & Oil Co 4.00 700 Discovery, Pen Strawn S_ , 
26| Carey & Carey 11.40 1,650 | 1,450 | Extension, Whalen Pen Big Saline S 4077-4080 
27| Woodley Petr. Co. 15.00 1,525 Ne pore reservoir, Leeray Pen Big Saline L 
1- 
28] West Central Drill. Co. See text = rig reservoir, Reddin Pen Gunsight 
5: 
29| West Central Drill. Co. (1 br.) 34 150 | New prod. reservoir, Reddin Pen Gunsight 
15.2 F L 2536 
30| Anderson-Prichard 72 P Discovery, Pen Caddo L 3925-3929 


In Proven Fields | Wildcats 


Number of wells drilling Dec. 31, 1948........-...---.-- 
Number of oil wells completed during 1943........--.... 
Number of gas wells completed during 1943.............. 
Number of dry holes completed during 1943........-.-.. 
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The 24 wells dually completed this year 
in the Wimberly field have proved about 
tooo acres. The “Lower Hope” limestone 
at an average depth of 2300 to 2350 ft. 
and the ‘“Gunsight” limestone at an 
average depth of 2400 to 2600 ft. are the 
two reservoirs usually dually completed. 
As. estimated from electric logs and per- 
forations made in casing, the porosity 
thickness of the “Lower Hope”’ averages 
28 ft. and the ‘‘Gunsight” 38 ft. On test 
through a 34-in. choke with 180 lb. flowing 
pressure, the ‘Lower Hope” wells average 
50 bbl. of 44° gravity oil per hour and the 
“‘Gunsight” wells average 65 bbl. of 45° 
gravity oil per hour. The gas-oil ratio of 
both pays averages 300: 1. 


TABLE 3.—Drilling, Completion and Plug- 
ging Summary, North Central Texas* 


1942 | 1943 
Regular drilling applications....... 490 507 
Rule 37 applications: 
GATEGEG fe craqers at nretsietegensieserte 28 20 
Denred i wcnen cescia ae teeter ° to) 
Oil-well completions.............. 188 163 
Gas-well completions......°...... 17 18 
Diry holes? pis der ce eee erie 179 247 
Wildcats drilled: 
(Ori ee oie eee an eae eee 17 7 
See ES ee acts air tile: ban sige 5 2 
fh RRS ee a RIE eS PH IN 5 oe, 95 135 
Wells plugged: 
Days oe eee cise he npaltene aie I55 25s 
CES io po oses Sacopreuemw cla 24 3 
Oa Se Sve cae tate ain. Gast ameterenoes “152 106 


_ * Railroad Commission of Texas, Oil and Gas Divi- 
sion. . 


This multizone production method and 
the unitization agreement among the 
operators for the development procedure 
in the Wimberly and Reddin fields is an 
outstanding example of conservation of 
material and manpower while increasing 
the production of oil from the pools. The 
method is not new but is appropriate to the 
war effort. The leases were not unitized 
but, owing to the lack of drilling equip- 
ment, special tools and experienced men, 
the operators, through the able efforts of 
Edgar Davis, Manager and Production 
Supt., West Central Drilling Co., agreed 
on a development plan for using the same 


OIL AND GAS PRODUCTION IN NORTH CENTRAL TEXAS IN 1943 


drilling equipment and supervisory per- 
sonnel on all wells deepened to the lower 
reservoirs and dually completed. The wells 
to be deepened were placed in such order 
as to eliminate any unfair drainage across 
property lines and the wells were so 
located on different leases as to give the 
operators their share of the allowables from 
the deeper reservoirs. The allowable is 60 
bbl. per day for each well dually completed. 

A flat supervisory fee is charged for 
each well and one set of special tools, the 
only set in the two fields, is used for 
operating the special choke valves. The 
wells are deepened or drilled to the lowest 
producing reservoir, then, after electric 
log and sample determinations are made, 
casing or a liner is lowered and cemented. 
The casing is then perforated at the dif- 
ferent producing zones. Tubing is run 
with a hook wall head packer to separate 
the two producing zones. The lower zone 
is completed through the tubing and the 
upper zone through the casing. This is 
accomplished by a side door choke, which 
is placed in the tubing above the packer 
and closed and opened by special tools 
lowered in the tubing on a steel line. The 
two zones are acidized separately and then 
allowed to flow together until clean. There 
is no additional surface equipment other 
than the two flow lines to the tanks. In this 
multizone production, a minimum of 
critical material is used. The operators 
are now working on special pumping 
equipment to meet the requirements for 
producing either or both reservoirs when 
pumping is required. 


Stephens County 


The Chappel limestone reservoir, of 
Mississippian age, is the principal objec- 
tive for deeper drilling in thé old productive 
fields and new wildcats. In the Eliasville 
field (East) the T. P. Coal and Oil Com- 
pany’s No. 12 Hill, sec. 1122, T. E. and L. 
survey, encountered the Chappel lime- 
stone at 4224 to 4230 ft. The well flowed 


. | 


bom 


anes 


Pe NY 


© 503 bbl. of 43° gravity oil in 3 hr. In the 
Eliasville field (West) the T. P. Coal and 
_ Oil Company’s No. 1C Brown, sec. 114, 
T. E. and L. survey, drilled the Chappel 
_ limestone at 4160 to 4170 ft. The well 
_ flowed 165 bbl. of 44° gravity oil in 3 hr. 
_ These deeper discoveries should add a 
_ considerable quantity to the oil reserves of 
_ this old field and additional development 
_ of Mississippian limestone is to be expected 
. during 1944 in other old fields of this and 
_ adjacent counties. 
The Caddo limestone, the Strawn and 
~ Marble Falls (Big Saline) sandstone, all of 
_ Pennsylvanian age, yielded additional gas 
reserves during the year. 


f Taylor County 

The West Central Drilling Company’s 
_ Hudson No. 2, J. A. Nabors survey 9, 
4 subdivision 3, was the first well in the 
Z Reddin field to be deepened from 2245 ft. to 
_ the ‘“‘Gunsight” limestone. Between 2532 
= 

and 2632 are about 4o ft. of saturated 
_ limestones. The well was not completed in 
- this zone but is considered a discovery 
S well of the deeper pay. The well originally 
was completed in the Flippen limestone 
reservoir and after deepening and acidiza- 
tion was dually completed in this zone at 
2242 to 2252 ft. and in the “Lower Hope’”’ 
zone at 2463 to 2497. On potential test the 
Flippen reservoir produced by flowing 300 
bbl. of 40° gravity oil in 7 hr. through a 
34-in. choke, tubing pressure too Ib., gas- 
oil ratio 400:1. The “Lower Hope” 
reservoir flowed 200 bbl. of 42° gravity oil 
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in 3 hr. through a 34-in. choke, tubing 
pressure 150 lb., gas-oil ratio 300:1. By 
the same operators, Reddin No. 14, an 
offset to the Hudson No. 2, was then 
deepened to the “Lower Hope” at 2476 to 
2497 {t. and to the “Gunsight” at 2535 to 
2560 ft. and dually completed after 
acidization in these two reservoirs. The 
“Lower Hope” reservoir on potential test 
produced by flowing 225 bbl. of 44° 
gravity oil per hour in 3 hr. through a 
34-in. choke. The “Gunsight’’ reservoir 
produced by flowing 15.2 bbl. of 46° gravity 
oil for 1 hr. through a 949-in. choke, tubing 
pressure 150 lb., gas-oil ratio 646:1. These 
are the same prolific zones of the Cisco 
formation of Pennsylvanian age as are 
in the Wimberly field, Jones County. The 
two wells drilled this year to the deeper 
reservoirs have increased the acreage of the 
Reddin field about 100 acres and develop- 
ment continues. 
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Oil and Gas Development in South Texas during 1943 


By Harotp DECKER* AND L. B. HERRING, Members A.I.M.E. 


Tue South Texas area, discussed herein, 
represents districts 2 and 4 of the Texas 
Railroad Commission and extends from 
Jackson, Lavaca, and Gonzales Counties 
on the northeast to the Rio Grande River, 
comprising a total of 26 counties.{ The 
present boundaries of this district do not 
coincide with those of earlier reports 
published in the annual volumes of 
Petroleum Development and Technology. 

The war, in its various ramifications, 
determined and controlled all the phases 
of the oil and gas industry. Priorities for 
material and governmental subsidies deter- 
mined all new operations. 


New Poors 


In our opinion, the combined quantity 
of crude and distillate reserves added in 
1943 approached or possibly exceeded 
the amount produced. Thirty-five new 
pools were added to the area. Of these, 
five have significant reserves and ten offer 
possibilities of containing consequential 
reserves. 

The largest proven reserve discovered 
during the year was the Slick pool, on the 
DeWitt-Goliad County line. This is also 
the most important Wilcox discovery to 
date in the area. 

The most significant extension was at 
Willimar, Willacy County. Other impor- 
tant extensions were developed at Agua 
Dulce, Seeligson, and Odem. 

Except for the Porter field, in Karnes 
County, the Laredo trend, which produces 
from the Jackson and Yegua, proved very 

Manuscript received at the office of the 
Institute May 15, 1943. 

* District Superintendent, Seaboard Oil 
Company of Delaware, Corpus Christi, Texas. 


+ Consulting Geologist, Corpus Christi, 
Texas. 


disappointing, and this pool is of secondary 
importance. 

The Scott and Hopper pool, Brooks 
County, has only one well, but offers 
excellent possibilities of becoming an 
important discovery. It represents at this 
time the major Frio discovery of the year. 

The Hobson pool, Karnes County, is not 
a major reserve, but can be classed as 
important in that it produces at a shallow 
depth from the Wilcox. This proves that 
the potential area of production for this 
zone occupies a broad trend. 


GAS AND CONDENSATE 


During the year construction was begun 
on only one recycling plant, this being 
in the Sejita field, Duval County. Several 
others were contemplated, but no actual 
operations were begun. The most important 
development in recycling was the rebuild- 
ing of old plants to allow for the fractiona- 
tion of isopentane, n-butane, isobutane, 
and propane. Heretofore all pentanes plus 
have been marketed as “‘distillate,”’ only a 
minor portion of the butanes being isolated 
and sold for fuel purposes. All these new 
“cuts,” except propane, are considered 
vital to the war effort and propane is 
being marketed as fuel gas. In other in- 
stances propane is being isolated and then 
pumped back into the gas reservoirs for 
storage. It is anticipated that the de- 
mands for this product will increase in 
the future. 

Drilling in the Wilcox trend during the 
year showed the existence of valuable gas 
Brooks, Calhoun’ Cameron, DEWic onan 
Goliad, Gonzales, Hidalgo, Jackson, Jim 
Hogg, Jim Wells, Karnes, Kenedy, Kleberg, 
Lavaca, Live Oak, Nueces, Refugio, San 


Patricio, Starr, Webb, Willacy, 


, Victoria, 
Wilson, Zapata. 
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and condensate reserves. 
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Sands of this 
age appear to be destined to furnish this 
district with appreciable future reserves. 
Much interest has been displayed re- 
cently in the chemical possibilities of the 
various components of natural gas. A plant 
is being built at Bishop, Nueces County, 
which will use for its base stock butanes 


- and propane recovered by the gas-recycling 


plant at La Gloria, Jim Wells County. 
__ Products to be turned out by this plant 


inn | 


are acetic acid, acetone, methanol, and 
formaldehyde. This is the first chemical 
operation in the area to take advantage 
of the concentration of the hydrocarbon 
constituents available at major recycling 
plants, and probably is the opening wedge 
for other similar development. 

A major development for the gas indus- 
try in this area occurred last year. The 


Tennessee Gas and Transmission Co. has 


begun the construction of a pipe line 
beginning at Agua Dulce, Nueces County, 
and terminating in West Virginia, to 
supply the eastern gas market with 200,- 
000,000 cu. ft. of gas daily. This has had 
a tendency to bolster the values of gas 
reserves and to cause operators in the 
Gulf Coastal area to become more “gas” 
minded. 


TRANSPORTATION 


One of the main reasons for the small 
amount of drilling and lower production 
in 1942 was the lack of adequate outlets 
for oil from South Texas. In 1943 we saw 


this condition remedied. Early in the year 


Sinclair-Prairie completed a pipe line 
from Corpus Christi to the Houston area, 
which was the first oil pipe line from South 
Texas to be built to the Houston area. 
Later in the year the Defense Plant Corpo- 
ration converted a gas line from Refugio 
to Houston, which is now operated by the 
Humble Pipe Line Co., and this line, plus 
the rearranging of pipe lines from the 
Corpus Christi area to Refugio, furnished 


another major outlet. The latter part of 
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1943 also saw more tankers transporting 
crude oil and its products from this area, 
and for the first time in many years South 
Texas has adequate outlets for its crude. 
This will be a major factor in future 
development of the entire South Texas area. 


REFINING 


Most of the refineries here have been 
converted almost exclusively to the manu- 
facturing of war products. Almost all of 
them have been enlarged. However, owing 
to various causes, this work has progressed 
more slowly in this particular area than 
in most refining centers. 


DRILLING 


The total number of wells drilled in this 
district, including wildcat wells, during 
1942 and 1943 are shown in Table 5. 

This represents a decrease of ro per cent 
in the total number of wells drilled and 
an increase of 3 per cent in the number of 
dry holes drilled. The number of wildcat 
wells drilled in 1943 amounted to 13.5 per 
cent more than in 1942. 

The decrease in the total number of 
wells drilled and the increase in the total 
number of wildcat wells drilled are prob- 
ably due to the well-spacing restrictions 
that were placed on the industry, as well 
as to the shortage of material for comple- 
tion of proven locations. During most of 
the year we were handicapped by a lack 
of manpower, both in quantity and quality, 
for our drilling rigs; however, in the latter 
part of the year the manpower situation 
eased up some, although the quality 
of labor was still far below peacetime 
standards. 

During 1943 this district produced 
88,421,693 bbl. of oil from 11,211 producing 
wells, whereas in 1942 it produced 65,791,- 
612 bbl. from 11,143 producing wells. This 
is an increase of 22,630,081 bbl. of oil, or 
34.4 per cent. Almost every field was 
producing at its maximum capacity without 
physical waste. Without the discovery of 
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OIL AND GAS DEVELOPMENT IN SOUTH TEXAS DURING 1943 


TABLE 1.—Oil and Gas Production in South Texas 


oe 


Field, County e 

5 

a 

(=) 

6 

uw 

By 

a 
Adams Webs. rcscs cvorienicsiteiaiete inosine Saver 1939 
AguaDulce, Nueces, Jim Wells..........0.2-.- 1928 
Agua: Prieta: Dutatei 2.00 sors ause cece 1941 
Alamo, Hidalgo eRe Hess Cols «jen Sa hee eee 1942 
ATpergas, Webbi ten os cicincracias cries cerca eciecee 1927 
Alfred esti: Wells. chemise tase caret see heer 1938 
‘Alice rd tin ells Le miaersictomn as ae sen eee ee 1938 
East Alice (Tom Graham), Jim Wells.......... 1938 
Alta. Mesa; Brooks. 20a oe asco ene 1926 


Aransas Pass, McCampbell, San Patricio, Aransas He 
Armagoea:* Jim Wells. ictece soe sno eeaee 1931 
Armstrong,;J 1m Hogg? cscs o-caieeetecena sees 
Aviator Webb) jae) see Ao eee Ere ee 


Baldwin (South Saxet), Nueces. 

Bandera,* dtm W elise Aden oo oaeiat eee are 
Barbacoass Siatn.,..roncsedematee,etaaie teres 
Benavides (North Sweden), Duval.............. 1937 
Hast Benavides, Dunal....2. 2.0 02.5- 2220. Be wos 1941 
Bent Bolts dtm: Wellssvn-< sda tecugec teens 1939 
Birddsland,-Aleserg act anette oe en eee ee 1938 
Blanchard (Muralla), Du vith: Se cite ae oo ee 1939 
Blanconia, Bee... ...... ered atentonetoataies olate 1943 
Blucher; tm Welles,an\. anes nee ee eee 1939 
Boyles Stan nee tenccaten eae te ee eee: 1940 
Bridwwell “Dialed. 32 ete eae eee eee 194) 
Brushy ‘Creek. Lavaca.) 220-0. san se eee 1941 
Burnell (South), Karnes............. Rotate te 1937 
Cagsar Bee ite ane coc macarons evvcne.. | 1934 
South Spent Bees A soteacen on eee 1942 
Cadena; ‘Ducal e. slankacee wea eee 1942 
Calliham (ivat South C.), McMullen. .......... 1918 
Cameron Stari swe scam cc ateee ate oS ae 1943 
South Campana, McMullen................... 1941 
Captain Lucey (West Bentonville), Jim Wells. . .|1932 
Carolina-Texas, Webb............20.0ccececees 1 
Chsa\ Blanca, Dusdlo: sos: wena een ee ease 
North Casa Blanca, Duval.................00- 

West Casa Blanca, Duval. -.................-- 
Cedro Hill, Duval 


Chapman Ranch, NOOR eines cee eee 
Charamousca (incl. South Ch.), Duval... 


Charco Redondo, Zapata............... 

Chiltapin: Duval seen tne eeeee oe eee 
Clara Driscoll, Nueces.............ececceceees 
South Clara Driscoll, Nueces................., 1937 
Collette Creek, Victoria...............0.00000- 1934 
Collier, Jackson: FIA. Lise «0 potent cathe 1942 
Colimens: Dingle a ncckiot ante ee ene eek 1934 
Cologents Victories. 1, Aes, < Pek atas oth ae 1939 
Coloma Creek, Calhoun........0.ccsccececcens 1941 
Colorado, JimcHogg sc) crmcaniaetl soo ameee 1936 
Comitas Nin gesen PAT AUG Wee tape ce mom 1934 
Conoco ‘Driscoll, Duval... vce. .os cs cee beeenc es 1924 
Cordele fackson. = 2. veces ede eee 1938 
Corpus Christi (Saxet Heights), Nueces......... 1935 
Cvellar; Zapata’ ith. Sth. Co St ee 1927 
Diamond Half, Goliad..........ce..sec0ecceess 1936 
Dinh Dunale cdi lingers ee eee ee 1942 
Dirks; 268s hc ciousiviggein ia See ate ane 1934 
Duck’ ‘any, (Jay Welder), Calhoun.............. 1940 


Eagle Hill, Duval 


7 ber of 
Oil Production Gas Production, A ee /or 
Total, Bbl.¢ Millions Cu Ft. | Ga. Wells’ 
& 
= 1943 
ToEnd | During a To End | During | 2S] 
of 1943 | 1943 | eo| of 1943 | 1943 |BAlB|B 
< 23/3/38 
oy, [= 
3 Be|e|3 
& oF IS|a 
561,671 72) 0} 3 
276| 17) 7 
1} O} « 
z zx =z 
8} 0 
24) 1| oa 
73| O| 1 
| 53] 0} -w 
44) 0] gz. 
12,210,430 : ona oa 
gas 
5,964 3] 2) Om 
6,276,142 i 232) 16] 10 
951,274 14) 5) x 
1,282 2) 0} « 
35,504 14| 0} = 
12,665,310 278] 0} z 
20,521 2) 0} = 
2,699,870 81] 0) =z 
39,148 3} 0} Z 
51,167 4) 0] z 
1,724 6| 6] 0 
3,021 2 3| Ole 
292,313 17| 4) z 
149,181 13] 2! z 
5,621 2 2] 0] « 
1,073,543 25] 0) x 
1,054,298 42/ 0| 2 
449,173 21) 9] 0 
69,157 , 12} 9} z 
980,119 142] 0} z 
18,886 2] ore 
124,285 15] 1] z 
539,736 23] 0] 2 
262,402 66] 0} « 
58} 0} z 
9} 0] 0 
20) Oj =z 
81| 0] « 
5} 0] 0 
41) 0] « 
sl Oics 
6} O} « 
30} 0} =z 
4,221,304!  844,210/249 99| 0} = 
1,656,871) 147,104]249 50] 0] « 
36,212 3} 21 0 
572,123 36] 0] z 
198,514 2,851,226] 16) 0] zx 
51,959 2} 0| 0 
2,872,369 244] 13) 2 
1,768,910}  106,417/249 196] 0] x 
5,808,569] 1,046,077|249 117] 10] 0 
2,632,508] 270149365 50} 0] « 
6,759,232 30,797|249 252] 0] z 
2,647,783 86] 0} 2 
639,602 22} 0] 2 
z 9 1) Or 30) 
6,287,321 101} O| « 
168,772 5| 1] 0 
1,885,560 61) 0} « 


@ Footnotes to column heads and explanation of symbols are given on page 270. 
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TABLE 1.—(Continued) 


Producing Formation 


Name and Age? 


Porosity, 
Per Cent?! 


Mirando, Eoc 
Frio, Olig 


Cole, Eoc 

Frio, M Olig, Vicksburg, Olig 
Frio, M Olig, Vicksburg, L Olig 
Frio, M Olig, Vicksburg, L Olig 
Catahoula, Olig 

Frio, Olig 

Het, Olig 


& 

Mirando, Eoc 

Catahoula, Olig 

Yegua, Eoc 

Frio, Olig 

Cole, Chernosky, Upper Gas Wells, 
Govt. Wells, Pettus Yegua, L. Eoc 

Govt. Wells, Eoc 

Frio, Olig 

Frio, Olig 

Pettus, Eoc 

Frio, Olig 

Frio, Vicksburg 

Frio, Olig 

Pettus, Eoc 

Wilcox, Eoc 

Pettus, Eoc 

Cockfield, Eoc 

Wilcox, Eoc 

Pettus, Eoc 

Carrizo, Mirando, Govt. Wells, Loma 
Novia, Eoc 


z 

Pettus, Eoc : 

Frio, Vicksburg, Olig 

Cole, Hackley, Yegua, Eoc 
le, Eoc 

Cole, Eoe 

Cole, Eoc 

Cole, Eoc : 

Catahoula, Olig 

Cole, or Eoc 


Frio, Olig d 3 
Catahoula, Het., Frio, Olig 
1 Frio, Olig _ 

Miocene, Mio 
Miocene, Mio 


ae oe 
jocene, Mio 
Coekfield, Eoc 
McElroy, Eoc 
Frio, Olig } 
Cole, Eoc 
Mirando, Eoc \ 
Miocene, Mio 
Miocene, Mio 
McElroy, Eoc 
Cockfield, Eo 
Mirando, Eoc 
= field, Sr 
iocene, Mio 
Cole, Eoc, Govt. Wells, Eoc 
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mal 


Depth to Top of 
Producing Zone, Ft.” 


of 1943 
3 
i, 
BA 
2*) s Name : 
Sm) &§ Se 
Shalt es e 
Sel s Bs 
a) a an 
7| ML | Yegua 1,517 
75| AF | Yegua 13,728 
7| NF | Yegua 5,025 
z| <A | Frio 6,567 
17| MFL | Yegua 3,700 
20} AF | Yegua 6,535 
14] NFL | Yegua 6,535 
55) ANF | Vicksburg 5,760 
8} DS | Yegua 8,822 
9| AF | Frio 10,468 
10) D_ | Yegua 6,315 
10; =z z 3,668 
11} MFL | Cook Mt 3,975 
8} AF | Frio 6,610 
8| AF | Yegua 8,302 
15} AF | Yegua 6,567 
19) AFL | Yegua 6,510 
10} AF | Yegua 6,510 
14] ANL | Yegua 6,140 
8| AF | Frio 9,636 
8| MF | Yegua 5,807 
6| FS | Frio 5,198 
20} z_ | Vicksburg 8,004 
10} AF | Yegua 4,520 
8| MF | Yegua 4,657 
30| 2 | Wilcox 10,998 
An en (ees c 
15| DF | Yegua 4,230. 
20| DF | Wilcox 7,507 
6} AF | Yegua 5,860 
12] MFL | Carrizo 5,301 
| 
8| MF | Cook Mt. 4,486 
11) AF | Yegua 6,500 
9| AF | Wilcox 9,228 
8! ML | Yegua 2,138 
10} ML | Yegua 1,788 
8| ML | Yegua 2,212 
10} MFL | Yegua 2,646 
10} AF | Frio 7,750 
8) MFL | Cook Mt. 3,892 
13 We FEN IE | z 
10} NF | Yegua 5,410 
15] A _ | Frio 055 
10} A | Frio 7,560 
10} DF | Yegua 7,860 
15} D |B. Miocene | 5,813 
8| ML | Yegua 3,396 
10| DF | Vicksburg 5,168 
10} DF | Olig 8,514 
10} ML | Cook Mt. 4,510 
10) ML | Cook Mt. 3,502 
13| NL | Cook Mt. 5,390 
15| DF | Vicksburg 5,117 
10} A | Frio 7,531 
10| ML | Mt. Selman | 4,532 
14) DF | Yegua 4,540 
4) AL | Yegua 3,006 
16| DF | Yegua 4,776 
5] A_ | Frio 10,002 
10) MFL | Yegua 2,752 
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TABLE 1.—(Continued) 
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OIL AND GAS DEVELOPMENT IN SOUTH TEXAS DURING 1043 


. Number of 
Oil Production Gas Production, Oil and/or 
Total, Bbl.¢ Millions Cu Ft.¢ Gas Wells/ 
oS 
=a 1943 
Field, County fat i 
: End | Duri Z To End | During | 23 
S 3 To En uring |Q 'o En uring | >= 
2/3 of 1943 1943 | wo] of 1943 | 1948 |¥S|3/e 
Alls a S4/3/5 
3| dm 3 Seo | aS 
g| 25 3 Es els 
a SaaS) 
East, Jim Hogg. 400 37,083 36,906/328 9} 8} 0 
Mang, eacksOne ec cee ee ae ee aan d 560 Heats A ne ve 3 g s 
El th Rickaby), Starr..............|198 200 A 5 
Pee Lon. Pc Seo a ee 1914| 3,700} 10,815,335 494,799) 249 539} 0] = 
Ezzell, McMullen, Live Oak............-+..2+55 1937] 1,450) 2,978,359 243,153) 249 151) 0} « 
Fagan, Refugiorccapnrnent ston vate eben 1940] 300 75,078 23,550/333 9} 0) 2 
Fitzsi Duval aioe emi tee eats 1938} 900} 2,860,017 302,776| 249 79} 0] O 
Flour Bluff, W sate Pe ee ae 1936] 2,280] 8,046,960 697,956|249 117) 0) = 
East Flour Bluff, Nueces... ...02.-...-0-0+2-2 1940) 1,200 622,494 271,612|249 23) 0} ¢& 
Francitas, Jackson )2tnc 282 1h. Greases = 1938) 1,500 411,245 29,164/249 16] 0} O| 
Prost; Start eae eae Eee 1942 80 5,271 3,166/249 21: i @ 
Gallagher:dtm Well 20.2. let ne eee es 1940} 160 124,230 48,264/249 44 1) 0 
Ganado (Shallow and Deep), Jackson .......... 1937) 2,400 963,002 396,446/ 249 51) 10) = 
West Ganado, Jackson...:... 00eneeescesssense 1940} 1,200 863,738 442,663/302 34] 4) « 
Garcia; Stare se saan anos meee antes ree 1942} 160 77,067 58,913/324 4, 0} 0 
Glen}. Webb; Zapata orcas ct eo ee or trsiens eete 1940} 710} 1,181,398 358,335 | 249 75) QO) & 
Goebel, Live Oaks, A Scie ac uae amen 1943} 100 10,177 10,177|284 1} 4 @ 
Government Wells, Duval..............-..--.- 1928} 8,500) 32,750,467) 1,518,236/249 836) 1) 
Green Branch,* McMullen..............-..-.- 1942} 160 z z|249 21° Teg 
Greta pRefuptonnes mote cee Meee eect eee 1933} 4,400) 30,453,671) 1,463,433)249 247| 2) « 
Guerra (Cuevitas); Starr. 00. 02c....cs tee eee 1933} 400) 1,424,073 139,173|333 21;- 0] =z 
Haldeman, Jim Wells) ....<....0.4----0-+-005- 1941 60 1,356 12,312/249 2} 0] 0 
Harmon, Jackson... 2090: Wena: a aoceaes 1942 600 300,086 184,530)305 14, 4) 0 
Henne-Winch-Farres, Jim Hogg...............- 1924) 720) 3,215,499 295)|249 181] 0] =z 
Henshaw sd ti) W elletc een sete Ne eee er 1940 50 57,516 17,090)249 41 O| z 
Heyser, Calhoun, Victoria... ccw.-. 02. scsecs0s 1936] 5,500) 20,496,231) 3,334,434/355 277| O| =z 
Hobson}, Karnes) tot iaccant oo atte ae feat ieee 1943 300 129,350 129,350) 278 11] 11) 0 
Hoffman, Dusile> 4.22 ue stone he cee tare 1933] 3,400} 10,409,064) 1,501,885)271 385) 0] = 
Holbein Jam:Hong ee- ons. site nans vara 1940 100 106,683 32,240) 249 10; 0} O 
Holzmark, Bee... . -|1935 50 69,940 14,497)249 5} 0} 0 
Hondo; Karnestin net; aetna eee 1943 50 31,642 31,642) 2? 1 te 
Hordes Creek: Goliad... 92s. c2 Sale econ cawet 1940) 100 76,809 7,314} ? 7) O| z 
Jacob (incl. North Jacob), McMullen........... 1926} 1,230} 1,736,045 84,885/ 249 129} 0} z 
Keeran Victoria tise cece ioe tate See 1932] 1,350) 1,838,690 198,946) 249 21) 0] 0 
Kelsey, Jim Hogg, Starr, Brooks.........-..... 1938} 2,300) 2,546,042 543,214/333 120} 0} =z 
Little Kentucky, Jackson. ...............0000. 1943 50 2,655 2,655|258 1, Hg 
Killam) Webbie, on aedajtmes «ent ue venie sen ann 1937} 950) 1,248,767 155,847| 249 133} 0] = 
North Killam (incl. Hauser), Webb............. 1938) 80 76,116 7,132) 249 7 OO} & 
Kingsville; Kleber gis cccnosne ce eels tas eae 1920} 240 765,263 10,017) 249 20; 0} =z 
Kohler (incl. Deep Kohler), Duval..............|1926] 360 692,050 10,726/249 95) O| =z 
Koopman, Jani W ells: 7 tin vs toni se eae eee 1942 80 25,166 14,784/ 249 3] li. g 
Kreis, unalaeen MACE Gen ae aE an nae 1940} 200 128,996: 60,845/302 9} O| 0 
Labbe Wutal cine. sae aat se cen oacua cee te eee 1934] 230) 475,203 48,815}284 31] O} « 
La Blanca,* Hidalyore xp he Waters. arent iss 1936] 4,000 617,742 2|249 7 60} OR 
La Gloria, Jim Wells, Brooks.............0.0.. 1989} 4,500 76,021 14,406) 249 43) 2] « 
ha Reformay Stare. Wows veeacmes daten ste os eee 1938 40 30,058 4,493/249 5; 0} 0 
La Rosa, Refugio..... Po stiri GN ates oie chen ce 1938] 1,720] 4,353,244 637,836) 257 96; O| =z 
North La Rosa, Refugio...............00eeeeee 1943 z 2} 249 Lia 
Lag ‘Animass.fim: Hogg. camo keen Sok sete foe 1937} 100 71,803 16,780) 249 11) Oe 
Barel) Weve a... «en gh waco es 1932} 220 628,546 2,656) 249 33] 0} 
North La Ward, Jackson... .. oc. 0.50. cccu hein 1941) 4,000} 1,319,160 742,545) 249 96| 27) = 
Lockhart) Stains, aRtasae ae eee lo mre 1943] 500 72,617 72,617/304 11} 11]; 0 
Lolita, vlaokaan ane cer ee ueemeee me 1940} 3,100] 5,835,338) 1,886,416/249 176} 0) 0 
Loma Alta, McMullen......... 1985 80 178,267 15,825|249 4) 0) 2 
Loma: Novia, Dutal Wnadewss meee cen ce cence 1934/ 7,410} 28,369,220) 1,609,837|249 758) O| 
oma \Vista,Durat: aa ean neetaeets.. cat eee 1936 10 18,586 1,978|249 2] 0} 2 
Tondon; Vuecets.i05 sear nete nue Mee nee t 1937 80 112,157 15,013) 249 4) 0} a 
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TABLE 1.—(Continued) 
bt ig Character F , Deepest Zone 
oe a of Oilé Producing Formation Tested? to End 
. of 1943 
Bi} ou | |¢ aT 
$ ae 
“” 3 Gravit SE l28 
W y 3° [4 
og z a | APL. at Name and Age? & * es = = Name 
mm 2] i BP] 60°F. 5 Se rosea lS j wa 
“Ee lt we B ec} o Ss 5 
© 2/8 {S| 2| 8 Et 8s |B2ls8] 3 33 
P SB\<"o|4 Sf ah [aie x ar 
* 62/ 9) 0 0 51 | Cockfield, oe s | p {4,741} 10] A | Yeeua 5,303 
63) 6) 0 9 z z 8 P | 2,640} 20/ D | Cockfield 7,180 
64/ 0) 15) 0 23 Frio, Olig 8 iP 425) 8] NL | Yegua 2'700 
_- 85) 0} 332) 2 20 | Yegua, Eoc S | P | 900] 12| AFL | Mt. Selman | 4,645 
x 66) 0) 127) 1 20 — ae N) P| 1,490} 8] ML | Cook Mt. 3,108 
> e7| 4| of 1 23.6 |{ Peo s | P {2,118} 10] DF | Olig 7,200 
» 68/59) 19) 1 46 McElroy, Pettus, Eoc 8 P 3,592) 10) MF | Yegua 5,285 
69} 68} 22) 5 43 Marginulina, L Olig 8 P 6,590} 25) AF | Frio 7,504 
70| 20 0) 1 41.6 | Marg., L Ohg $ P 6,753 8} AF | Frio 8,694 
TL tip -0} 5 50 Frio, Ny) P |7,378| 15| D_ | Vicksburg | 10,665 
72) 2) oO 0 45 Frio, Olig 8 P |4,181) 8] ML | Vicksburg 5,435 
| 73} 4) oO} 0 39 Frio, Vicksburg, Olig s) P | 5,189} | NFL | Yegua 6,260 
» 74;50) 1 O 25-35 | Marg., Frio, Ohig s P |5,080) 15} DF | Frio 1635 
- 75} 30) oO} 0 24 Frio, Olig ) P |4,760} 10} DF | Vicksburg | 7,635 
- 76} 4, oO} 0 42 Frio, Olig Ss P |3,740| 6] AF | Frio 4,075 
e-77 | 23| 48) 1 22 Mirando, Eoc 8 P |2,160) 12) NL | Yegua 3,240 
‘i ae ir OF OO 38 Wilcox, Eoc E : 8 Pe 7,054] 10) a | Wilcox 7,095 
~* 79| 0| 639} 2 21 ar nay de Wells, Mirando, § | p |1,550| 17] NFL | Mt. Selman | 5,858 
m= 80; 1) Of 1 28 Wilcox, Eoc 8 P |5,720/ 6] 2 | Navarro 7,623 
x Miocene, Mio : 
~ 81/203} 0} 0 23-39 | ) Het., = S | 20-33 |3,500] 15] A | Vicksburg | 7,473 
~ rio, 
mo 82| 9} 3] 0 33 Cole, McElroy, Eoc Ss P {1,745} 14] MF | Yegua 3,600 
¥d 83} 1 1} 0 33 Frio, Olig s P 5,019} 11) NF | Yegua 6,498 
y! 84| 14 0} 0 28.8 | Frio, Olig NS] ig 5,320] 10| T_ | Frio 6,717 
© 85| oO} 1) 0 20. | Mirando,Eoc S P | 1,944] 16) MFL| Yegua 3,546 
= 86) 1 1| 0 31,53 | Frio, Vicksburg, Olig 8 LY 3,778| 11) NF | Vicksburg 5,885 
87 28| 0 31-43 ———— : S | P {5,400} 25} A | Frio 6,487 
88| 11) 0} 0 32 | Wilcox, _ | $ | 25-30 |4,000; 20} AF | Basal Wilcox| 7,474 
_ 89) 4) 333) 7 22-25 | Hockley, Govt. Wells, Loma Novia,| S 12 2,550] 17| AF | Yegua 3,800 
Cockfield, Eoc 
90} 10 0 24.5 | Pettus, Eoc N) Pp 2,793) 10) NL | Yegua 3,150 
me 91) 5 0 40-50 | Hockley, Yegua, Eoc 8 P |3,500} 5| DF | Cockfield 4,458 
mee 92) I 0 48.8 | Wilcox, 8 2 6,580} 15) 2 Wilcox 6,580 
Z 93} 1 0 43 Yegua, 8 P |4,545| 10] DF | Cook Mt. | 6,004 
94) 0 0 21 Mirando, Pettus, Yegua, Eoc Ny] P 780} 8| ML | Mt. Selman | 3,171 
= 95 | 21 0 26-40 lee. Olig 8 15 | 4,800) 10} A | Vicksburg | 10,043 
3 TiO, 
96 |108 1 44 {Gert Well Boe 8 P 4,671} 13) A | Yegua 7,507 
egua, : 
at 1 0 35.4 | Frio, Olig 8 P {5,700} 10) 2z | Frio 5,700 
a 98 0 0 21 Mirando, Cockfield, Eoc s P /|1,920} 13) ML | Yegua 3,011 
"a 99| 0 0 22 Mirando, tees Eoc s P | 2,046) 15) ML | Yegua 3,060 
F Miocene, Mio 4 D | Fri 6,922 
100 0 rR | poma ey ogy s | P |1,400| 20 rio 9 
e101} 8 6 22 Cole, Govt. Wells, Mirando, Eoc 8 P 1,748} 14) ML | Carrizo 7,723 
102} 1 1 44.5 | Frio >) P {4,112} 10 a peaeruee 6,016 
= 103| 0 0 31 Mirando, Eoc : 8 P {3,200} 12 egua 4,732 
af 104} 2 4 25 Cole, Chemosky, Loma Novia, Eoc 8 JE 1,872) 12) ML | Yegua 4,054 
il 105| 0 7 55 Frio 8 tight | 7,500} 40) A | Frio 8,890 
m 106) 2|- 27 39-55 | Frio, Vicksburg, Olig $ P {5,888} 19} A_ | Yegua 8,043 
a io, Vi Li 8 P |5,917) 40) AF | Jackson 7,010 
= 107)\/ 1 4 42 | Frio, Vicksburg, Olig 400] 12) DF | Vicksb 8,020 
«108 } 83 8 29-39 | Frio, Oli 8 F oe or icksburg i 
109} 1 0 50 Frio, Olig 8 aes a 3 : Ga 
10} 1 - Tete eee g | FS I y60l “Gl MFL| Cook Mt. | 3:165 
#11} 0 0 49 Frio, Mirando, Cockfield, Eoc S$ P ; BOF ets B ie 
112 | 96 : 2G [ae Brie, Oe s | B [soo 8 OE ET 
113| 9 1 46.6 | Cockfield, Yegua 8 Tee es aes te abt 
«114 |176 6 es) Pee, aes 3 | p {2%t95| 12] MFL|Cockfield | 2'766 
of * ’ 
_ i115] 0 ? dine “| Ofemioskiy, Eee 8 | Pp |2'550| 20/ ML | Cook Mt. | 4,200 
D116) | 554] 1) G | 23 _ | Loma Novia, Mirando, Boe 3 | p |2914| 7| ML |Cook Mt. | 4,732 
oe ii7) 1 8 a5 [kama Nowe, Hos p |4e9s| 8| NF |Frio | | 7,424 
' 118} 0 0 24.4 | Catahoula, Olig 8 ; 4 
, zy 
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524 OIL AND GAS DEVELOPMENT IN SOUTH TEXAS DURING 1943 
TABLE 1.—(Continued) | 
a ees ne Production, a oe 
c 
otal, i illions Cu Ft.¢ Gas Wells! 
3s 
oo 
=x 
Field, County P = aa 
£ St 
5 is} ~ = s 
3 Biz To End During |Q]| ToEnd | During SB 
E alé of 1943 1943 | | of 1943 | 1943 | BA/BS | 
2 3 | &s 3 33/3/58 
2 & on 3 heli ey z 
E 3| £4 E CERae | 
= Ay iS) oO};<_a 
110] Longhorn aDusal 2 fs. Bee aot eas tee seen 1938 ei. 
120] Lopena,* Zapata. . Estate ..|19384 ne fae aa er - | of al 
121| Lopez, Webb, Duval. 1935) 3.450] 13,405,285]  945,54)249 mal lead 
122| Los Olmos, Starr............-. oa “']1925| "240| 656,901) 10,605]249 iio laa 
123] Luby (incl. Luby Deep), Nueces..........-.... 1937| 3,000] 8,874,999] 1,222,719|249 isl ol a 
124| North Luby, Nweces.........+ss0-r-cerese ree 1939| ” 80; 124’219| ” 26,711|249 Ol al 
: y ] zx 
us a ee un Oaks: Sepia ee eee 1923] 120] 343,739) 13, 790/249 523,932} 32) O| z 
undell; ‘Duvalss .. irene oe © sae ee 
ie] Lgkes, WV dessa eee ae toga] “onl eae] zauloas tol ae 
128| Magnolia City, Jim Wells ................... 1939] 120] 202, 498 22,4021 267 | ols 
129] North Magnolia City, Jim Wells............... 1943} 200 ; 293 a fl @ 
£30) Manilay Jem) Hogg. oc.ckns tases os -2 7s meet 1940} 230 270 978 46,387) 249 a. a 
131] Martinez (incl. South Martinez),* Zapata....... 1929! 850 as. ” |949 ee | 
132] Mathis: Hast, San Patricio:.......:..-.+.000--% 1924; 300 232/24: glee 
133 Mauro; Jiacks0n.. Seem astern eeeact ieee) acts 1941} 3,275 403,367 : ie | 
134] Maurits, Jackson..............--0-. 0s. 00000 1935] 200 106118 |284 | ol On| 
135| West Mauritz, Jackson..............---.+-+0: 1942} 500 236,937 oe 1 0 
136 Mayo; Jacksonch sched otiaeonr eae 1942) 1,600 329, a PPR 
137] McAllen, Pharr,* Hidalgo.....................11938| 960 pent lire | 
{38 MoKaddinz Vittoria %s, th... aot. -2 tones 1930| 1,000 1,747,8131949 3| Sian 
139| McFaddin-North, Vicloria.................... 1937] "100 47'997|249 3 a 
140| McLean, Wob) 03.24... d.!0c. eed ebtiees <a 1942} 200 '903|249 a) ol 4 
141] McNeill, Live Oak...............-.+--0.--.--.]1934] 180 791 (940 ee 
142) Melon Creek: Refugios.. 30... 020.22... 05 2 eee 1939} 210 10 598 re ce 
143] Mercedes (Capsillo), Fadalgo. anes. . eee 1935} 560 silt i} 
144| Midway, San Patricio... ............-..---... 1937| 1,860 1,086,254 ‘lag UR 
= ne Bee (ind. . Gandy), Nileces? A245 Se 1939 1/640 745,357 ey G pie 
‘ando U1 iy, Wi letah kia hte Shy ah wfetia Woe alle kesye Bieta mie: e : ¢ : 
147| Mirando Valley, Zapata...................-+-5 a at wee ~ pe z 
148} Mission River, Refugio..................2.-- 1938) "381 ae 146) cae 
14g} Mocas Webbaet: Bc eue. ee ee oes 1932] 100 “er oeeiaa: 17) oe 
150| Munson, McMullen. *21}1938] 150 ie oeeiods 3 ae 
151) Neubaus. Str Hog ‘ly941| 80 ait rte 17) Oa} 
1521 ANicholss Hidalgoss. eat cena aes ca eee 1)40} 280 e289 = 2 | 
153] Normanna, Bee!’ ta. a... ees aeeoneee 1930 70 3082 349 * = | 
154] Oakville, Live Oak........0...c0cevecceeceses 1937} 400 179,740|365 ’ 

: 46) 1 
155)'Odem;;SanPairiciod i. ..Mes. bs. ceane esse 1939} 2,200 ; 
156 Oiltony Webb. fcc concn ted ea tee GS] aeons aEtce 60) 12) ae 
157 Orange Grove, Jim Wells.....................{1940 1,040 te l00lses 1) Oa 
isa) Ponites® Holalgeo 3; & cht, Ree 1942 1'000 engalins 40), Oza 
T6afPotets, Dusallr cactie eke Meee 1933| '300 wines ae | 
160] East Peters, Dusal...........................]1940| 60 ae terioie a} Oz | 
161) Petronilla, Nueces. .............---+-2+20000- 1941) 1,000 area fae | 
162| Old Pettus, Bee........... 2...) sce |19291- 1200 eine ei | 
163] New Pettus, Bee-Goliad-Karnes................|1930] 1,000 43°70 lod eee | 
164] Piedre Lumbre, Duval..................----.. 1935 1'300 Seyth i 53] lz | 
1Gh|'Plasodo, Wietorta “4u, fee cathe ia 1935] 3°000 ph ape ce 144) 0} 
160} Haat Placedd, Vicloria........cccec.. tice 1937]  °600 aie 182) Of 2 | 
164 [Plummer Bees. shel hacen cele aee 1937] 160 ae $2)) aa 
168] Plymouth, San Patricio................-...-.. 1985] 3,750 pene fo 
169| East Plymouth,* San Patricio... 1938] "640 erase seals 201) Oe 
ah os ryan Git Bren} Tee Win oT 1943) 400 78 243 249 3\ alee 

remont (incl. SE. Premont), Jim Wills........ K 2 
172) South Premont,* Jim Wi ais ? in & at me 104 ye made Hrs 63 ‘0 | 
173 Quinto Creek im Wala ee 1942] 80 35,0301358 i} of 0 
ncho Solo. (incl. Rancho Solo Extension), Duval x 
Ha anda, Tn Rigg noe cere) Daal ape ao: 
CET co enaed ma a Ret ssid ee 
e! ugio, aft: chan ee ole t = 
tal Rati Rohugta: 41,470,568] 1,4287427|249 S ol 2 
179| Reynolds, Jim Wells. 4:315,243) - _88,306)249 17} 1] 0 
181 Bite ci BMUllen sos eva ol eC 82) 0 . 
icaby (incl. N. Ricaby), Starr................ 3 7/249 = 
151,072} 22,805|249 der “9 
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 : TABLE 1.—(Continued) 
$ eS i a ee eS 
Wells Pro- Deepest Zon 
oa ducing? Narr 484 Producing Formation Tested to End 
- Dec. 1943 of 1943 
a > ele 
— {oa | | a 
; g silse 
a S | Gravity ang |Ax 
PS | API. at Name and Age? a ae > aye % Nanie : 
S|. i= 2] 60°F. & | ss |osles| 2 st 
Sl} als S S 23 S/Ss| 8 oF 
Z2\81s8 3 g % S350] 8 ag 
2 / See] | 8 a | 58 |BEIBE| & Bg 
Sle i4|5| 2 oS fat fat is| 2 Ar 
4 ; 45 Cole, Govt. Wells, Eoc S P | 4,009} 10) AFL | Yegua 6,011 
3 120 0 i at gas Queen City, Eoc 8 P | 2,137} 20] A | Mt. Selman | 3,707 
m2’! 1| 310) 1 20.7 | Mirando, Eoc 8 P {2,126} 18} ML | Yegua 31437 
3 37-46 Catinouks Het., Frio, Olig 5 30 4,300 is oe ne 7308 
~ a joula, Net., Frio, 1 ’ < , 
mae ol alo Catahoula, Het S P |4,300] 10} AF | Frio 7,300 
o| 3] 12 a | a S | P |2,510] 20) D | Cook Mt. | 6,789 
34} 60| 3 19 | Cole, Eo 8 P |1,500| 10} MFL | Yegua 2,698 
0 1] 0 45 Mirando, Eoc § P 1,950) 14) ML | Yegua 2,638 
for ot ae lee S |B: lees! io soi vatsborg. lets 
= ah ie 24°9 | Pettus, Eoc S P |2'541| 10] NL | Yegua 3,006 
a 9 ettus, Ss P {1,860} 6} ML | Cook Mt 3,514 
1 Nee ie ee ol S | P |4'400] 9] NF | Yegua | | 6'348 
4 ate inte s | P {52201 10] D |Fro 6520 
cH PS ie 314. | Frc’ Olig S | P |5'650| 10| D. | Vicksburg - | 7’s08 
+ cen: [iter S | P [5470] 10] DF | Frio 6°760 
ieee St oe S | P |5'100| 10] DF | Vicksburg | 7's08 
mel <a 20 | Fre, Olle S | P |5,970| 23| AF | Vicksburg | 9'575 
mal a | tw | Heb on bi Ae) BAI eencachts 
| slo 55 | Yegua S$ | P |3,238] 15] NL |CookMt. | 4/016 
1 0 Hockley, Jackson S | P |4,434] 10} D |CookMt. | 6,212 
ee 7 Frio, Ol S P {5,856} 20] D_ | Frio 5,876 
> i 49° | Frio, Olig S | P 7430] 15] DF | Vicksburg | 9/618 
=, Be Het., Frio, Ol 8 P |5,285| 19! AF | Vicksburg | 10,004 
a - stahoule, Olig, F s | P |3652| 10] AF | Frio 7,510 
36) 38) 3 o — pee i. Eoc 8 P |1/530] 10] ML | Mt. Selman |. 5/000 
Oo} 63) } ee ane ne S | P |1'400| 9] ML | Cook Mt. | 3'660 
a 06) 2 <a nt ine S | P |5:183/ 10| D_ | Vicksburg | 9,295 
ee | ar | esate sce § | P | '900| 10] MFL| Yegua 2178 
aes o 22 ‘| Mirando, Eoe s P |1,200/ 12] ML | Pettus 1,501 
i 47 _ | Pettus, Boo s | P_ |3,454| 9| MF | Pettus 3,471 
6.) To 34 | Frio, Olig S | 30 |31182) 8) AF | Yegua 5,482 
iocene, } 
oo at a een { Yoru, Sig” s | pP |1,830] 8] AF |Cook Mt. | 4,500 
sl | ap |sitieichrrgoie |g |p tga a ar ese | 2a 
e id ; e egua “ 
0} 68) 0 ON tag th necrmee oe pd 5 | P |s'o02| 15] NF Yegua 6,012 
aS ie) da 8 | pP. |6o20|, 20! FA | Vicksburg | 6'802 
o| oo} 1 60 Se Clore Welle! Mirando, Rao 8 P | 1,750} 13) ML | Cook Mt. | 4,004 
If 3| 7 23 ier sh es meas g P |2/441] 13] ML | Mirando 2,563 
1] 3] 0 22.9 | Govt. Wells, 8 P |6,952| 9] NF | Frio 10,020 
7} 0} O 40 a 8 P {3,900} 19} DF | Wilcox 8,993 
49| | 2 1°5 | Cockicld: Eoe Bel ak lect” inhatt ol naiey Meas 
z : : ; 1,324} 10 idway , 
9| 121} 0 22 ‘| Cole, Aa Loma Novia, Eos 4 3 4'700| 15| AF | Frio 7,242 
50| 104] =z 22-29 | Het., = g P |6,000) 10] AF | Frio 7,502 
27; +O} 0 38 Frio, fx 8 P |3,050} 5| DF | Cook Mt. | 4,756 
0; 1} 0 30 i 8 P 5,458} 10] AF | Frio 7,253 
174| 14) 3 le (Leys § | 28-34 |4'808| 17| AF | Frio 7287 
ae ES lpea ee S |B |3050) 10] AF | Wileox 8015 
12} 1 ? . . 2,250} 10 ciilroy , 
ets} “1 23 Capahenies Frio, Olig 2 6,040| 18 = Vicksburg bee 
o} of 1 z io, O} : ‘ P | 4)860). 13 egua 9 
2} of 1 29 Frio, Vicksburg, oy ? P /|1,800} 10} ML | Yegua 3,777 
0} 35] 0 19 Cole, Govt. Wells, Eoc g P | 1,220] 10} NL | Mt. Selman | 5,222 
0} 82] 0 19 ee ei § Pp |3,920| 15| DF | Yegua 4,253 
0} 10| 0 46 | Cockfield, Boe § 30 |3,700| 15] DF | Vicksburg | 9,373 
101) 42) =z 23-40 | Catahoula, Frio, Ohig s 34 |5,890/ 10} D_ | Frio 7,300 
16} o| 1 33.9 | Marginulina, s P |3,145} 10) ANL | Yegua 6,025 
19} 7} 1 35 | Frio, S P | 1,800] 12] MFL| Yegua 3,534 
o| oO} 9 gas | Cole, Hoc 8 P {1,270} 7| NL | Yegua 2,844 
0; 9] 0 21 Frio, Olig 
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Total, Bbl.¢ 
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Field, County B 
Z 8 | 
2 oral o 
re als 
EI oat ae 
F g| £5 
a pa] < 
189| Richard King (East Bentonville), Nueces........ 1937} 2,000 
183) Rincon, Starr.<..... 0.06260 52 seen ee ee rete ee 1938] 4,500 
184| North Rincon, Starr............020--+s++0-+5- 1940} 400 
185| Rio Grande City, Starr.........-.--.-- Sucebe 1932 200 
TSO ioe Duval ne ee eke nel teers era eke yale rerans 1941 20 
187| Riverside, Nueces........--.---20- +0 sere eeees 1938] 2,000 
188] Robstown, Nueces... ....-...--.-4---4+=-+--- 1939 200 
189| Rook, San Patricto............+++++-++sseeee- 1942} 200 
190|URoss: Starpljeno 4. sae eee Gee ee ......|1943) 640 
191| Sam Fordyce (inel.‘North Sam Fordyce), Hidalgo, 
irk eats £5: ans ARR adn ey PA 193 | 1,600 
199\ Sandia:* Jim Wells dn... seacoast ear 1929 80 
193) San Salvador (incl. Mestinas),* Hidalgo.........|1938) 1,200 
194|\\Sarnosa, Duval.c2c 0) oo. jun wateeelete oh claim oie 1932 690 
195| Saxet (Deep) (Frio), Nueces..........---.-+--- 1935} 2,450 
196| Saxet (Shallow), Nueces.... .........--..-.++- 1923] 3,850 
197| Seeligson (East Premont), Jim Wells, Kleberg....|1937| 9,300 
1O8| SegitaDunals os a. tee wees) eerste aa cee =e 1939} 4,000 
199] Seven Sisters, Duval.........-....-----+- +202 1934] 4,420 
200| South Seven Sisters, Duval............--.----. 1937; 330 
201| Shield; Nueces .2.0.006 = ee races See oeane 1940} 2,100 
902| Sinton (incl. South Sinton), San Patricio........ 1934} 300 
SOS MSlick=Walcoxs Goliaden a. Wace te itele ela rnter are =e 1943] 1,000 
904|\ Southland Duna) Whee snee a eee csi tas acters 350 
205| Stewart, Jackson. . 350 
206 Strake,, Duval en es cto tas ce ciekny sen der 120 
207| Stratton (incl. East Stratton), Nueces, Kleberg, 
Ten. Welisegee Soe i sR ....}1931] 13,500 
208] Sullivan City, Hidalgo, Starr........... ....|1939 780 
P09! Sums Starhinis cscs ated Memes cee 1938} 2,400 
210| North Sun, Starr..... Se cutason BN Te oe 1941} 1,000 
211| Sun-Jones (Jones),* Jim Hogg.............0-.. 1941 20 
DoW Sweden, Duvahses. Masse ak ceadyaae sie wae se 1937] 1,500 
O19 | "Patt, Sane GUtclOc. «sameness oteae ier 1935} 720 
214] Tarancahuas, Duval..............2.--00- 220s 1939} 290 
DTS Il Lelketniers. V-etat tee x Se sie Senjera ov edaisuet= Gaaroaleraree 1938 30 
916| Tesora (De Soto), Duval... ..0......000.. 00. 1938} 140 
DU7| CLeX anand GCMSOs. s.ce.ceens orientate, darter eran 1939} 300 
918|'‘Tom O'Connor, Refugio... -neman-dores nee 1934] 12,000 
DAG) PaletaBeesee yaw stkte meee see ennai olntrecion 6 & 1932} 1,160 
OOOH Talgita, Beane ss caress she alte ae che eee ae 1938} 120 
221| Turkey Creek (West Saxet), Nueces............ 1938) 12,000 
DOO} Pomatiy Bee rete ts 1-Peino BAe ee RO et remrelets rere 1942 40 
593) Victorias Victoridccce ounce Sek gue ends ceaeak 1940} 300 
DOA Volpe, W600 us a7-. cin amie, weer wie Pela Siahaieratets vrata ene 1939 330 
9981 Wade Oityvim Welle. ince cs tkins soe cede ws 1939} 2,000 
Doe Weil, anv ogg: toc sacehns.cnmMaieen cere es Sek 1943} 240 
Dil Wieser Goad. hw nak, vet annuniee remo crokver x 1936} 140 
DORI Went Match, ViGchsows) «dies «Walle Nie. mw elsewhere 1938} 10,000 
929| White Creek, Live Oak... 0. ccc ee cece cenns 1939} 400 
230| South White Creek, Live Oak...............-. 1941) 100 
231| White Point, San Patricio............-....+++- 1911) 2,100 
232] Hast White Point, San Patricio, Nueces......... 1938} 4,800 
Qa Willamensy W tlaey cascvs << milscra Selle Wis lee Welw are tain 1940} 6,000 
9341 Woodsboro) Refugio. 1... uucc<ctlueces cen en cee 1941} 300 
985): Veamens Vann Hogg: tn ws ann « citaiiule Meeks ene 1943 200 
236| Young* (Charco Blanco), Starr................ 1938 20 
OOF || Veer iby, Stasis te stan ecureslasle <clntialet tie <Penrera aperane 1941| 760 
998 Vaauirres Starr. cic Ustes ats one Sibieekweth e ceuren 1940 40 


To End 
of 1943 


2,897,251 
5,940,017 
209,023 
447,539 


z 
137,056 
110,419 


zr 
4,878 
7,588,772 
29,242 

x 


2,782,208 
25,508,543 


30,729,855 
2,249,297 
140,577 
19,548,052 


732,645 


387,152 
71,240 
62,149 

181,091 
97,576 

x 


3,175,853 
604,808 
1,964,097 
Sek 
267,996 
5,817,154 
610,964 


67,046 
220,576 
35,811 
46,683,560 
1,961,622 
11,616 


4,766,501 


5,035 
367,178 
599,634 

3,866,097 
10,822 
32,262 

17,882,168 
403,793 
148,518 


202,833 


15,076,018 


186,867 
137,042 
27,293 


x 
201,888 
5,243 


SSH OCHH 8 HOCHHH & HH 


. Number of 
Gas Production, - 
Millions Cu Ft.e Oil and/or 
EE Gas Wells/ 
3s 
on 
x 1943 
S oo 
During |Q| To End} During | +S 
1943 | | of 1943 | 1948 |9S/¥]e 
= Pow |e = 
E 23 /2/4 
3 SIEVE: 
& oF |5/= 
959,981/ 249 82) 5) 
2,327,114/293 162} 7] 2 
77,941|302 15) - 1G 
13,545|249 34) ~0} -@ 
* ¢|249 x x 1) 0} +6 
24,804| 249 7 x 
31,838} 249 7. 2) 2 
z|249 5} 2G 
4,878} 258 4; 4) 0 
100,412|/365 259) 0 
x|249 9} 0 
x} 249 z x TO 
116,154|249 57| 0 
1,186,450) 249 761| {2 
1,309,321) 249 0 
1,529,659) 249 185| 56 
127,510|284 22} 10 
1,844,588/365 461; 0 
40,887/|249 33] 0 
133,004| 249 15) 0 
0} 249 8} 0 
62,149| 293 a oh 
49,224/302 5} 0 
74,114/259 peak 
2/312 3} 3 
1,715,236) 249 208} 25 
113,336) 249 39] 0 
804,225) 249 88} \ 1 
236,956/312 26] 16 
0/249 x % 1] 0 
15,719) 249 15}; 0 
462,509/333 74| 0 
201,895/302 29) 0) 
4,480/249 4) 0 
11,000| 249 8} 0 
4,580) 249 1,661,069 3} 0 
12,690,095) 264 451) 0 
20,017|249 75) 0 
1,401)249 12} 0 
468,620) 249 60} 0 
5,035|344 1} 0 
58,145)365 26] 0} 
126,137) 249 34) 0 
945,954/249 107} 1 
10,822) 266 Nel 
4,201)/249 10; 0 
6,826,213) 293 390] 13 
70,559)/302 35] 0 
83,511) 249 WAS 
24,680/365 48] 0 
3,851,559/352 251] 5) « 
122,562/249 11 
78,768) 249 7 7 § 
27,293} 293 4| 41-0 
x|249 1} Oo] Oo 
134,922) 249 13] 1] 
668) 249 9| ol] & 
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Wells Pro- ‘ ; Deepest Zone 
ducing? Producing Formation Tested? to End 
Dec. 1943 of 1943 

= | a4 
—— 3S |Se 
a2 AS 
Name and Age? = ~ cw ae @ Name : 
ws § | s8 |eslés| & ae 

#3 2 |e les lzul = a8 
flEs|2 S ss |BEISE) 2 ec 
& \<715 a | ee [Se leq! ar 

/‘o —_—_|[—— | | 

70| 7) 3 Frio, Vicksburg, Olig 8 P |3,800) 10) AF | Yegua 7,576 

145} 5) 5 Frio, Vicksburg, Olig 8 26-39 | 3,629} 19} A | Yegua 6,862 
m4 68h CB: Frio, Vicksburg, Yegua, Olig Ss P }4,111) 14| A | Yegua 5,590 
0} 20) 0 Frio, Olig 8 P 1,350} 8} MFL| Yegua 3,258 
Oe oO} J McElroy, Eoc s) P | 6,270] 15} NF | McElroy 6,308 
2} 0] 3 Frio, Olig Ny 30 | 5,000) 15) A | Frio ,750 
5} 60} 0 Frio, Olig NS) z 5,195} 11) A_ | Frio 7,525 
: 0} 0 Frio, Olig : = ee 15] z | Frio 7,165 

0} 0 z y COR el Ne) x 
1} 43) 0 Frio, Olig $ P |2,737| 16] AF | Mt. Selman | 9,708 
0} oO} 4 Catahoula, Frio, Olig N] P {2,910} 10) AF | McElroy 5,701 
0} o| 5 Fae Oe } s | pP |7,315] 15] A | Vicksburg | 8,704 
0| 36} oO ovt. Wells, Eoc § P |2,300] 15] MFL | Yegua 4,073 

26} 53) 0 Frio, O . s z 5,200} 10) DF | Vicksburg | 10,892 
24/ 181) 0 Catahoula, Het., Olig s 30 |3,900) 18} DF | Vicksburg | 10,892 
176} +1] 8 Frio, Olig 8 P {4,900} 20) A_ | Vicksburg 8,162 
15] 0] 7 44 | McElroy, Eoc $ Pp |5.334| 17] AF | Yegua 7,095 
8| 379| 9 23 ~—| Frio, Olig $ P | 1,232] 93] AFL | Yegua 4°404 

Frio, Olig 
23| 0 22 {en Nevia, oe f 8 | P [1,487 9] AFL | Yegua 3,100 
o| 4 44.3 | Frio, Olig S$ P |6,600) 12} AF | Frio 7,806 
o| 3 53 _| Frio, Olig S P |3,260| 22| A | Frio 7,438 
0} 0 36.4 | Wilcox, Eoc s P 7,560} 50) DF | Wilcox 7,560 
- oO 1 43.8 | Pettus, Eoc SI P |5,298] 10| AFL | Yegua 6.015 
0} 0 26 _| Frio, Oli 8 Pp |4,950| 10] DF | Olig 7,508 
0} 0 93.6 | Jackson s Pp |3,180| 5] 2 | 31238 
Frio, Oli S Pp 4,788) 17] AF | Vicksburg | 8,138 
3 “i 25°30 Frio, Oli s Pp |3,300| 15| AF | Mt. Selman | 9,708 
P| ee Oi ot eer itael Al tiie otis 
- ; de 2 gia ag § p |4/211| 15) Yegua 6,009 
2} 2 43 _| Chernosky, Govt. Wells, Cockfield, Eoc] P | 4,900] 12] AFL | Yegua 7,005 
a1} 1 { Fasten Mio} s | P |3,975) 20] MF | Frio 6,926 
1] 26] 0 Frio, Olig s P |2,050| 15] NFL | Yegua 3,461 
oO} 21 Oo Frio, Olig ) P | 2,693) 5 - — Mt. oe 
2} oO] oO Pettus, Yegua, Eoc s P | 4,828) 15 ag sasied ae 
i oh a Tre Ole : P aol 175| ABL [Inio | fava 

449; 0) O rio, 5 ’ , 
o| 17| z Jackson, Pettus, Eoc S | BP 8065) 11) D¥ | Wileox | | 7921 
o| 1] oO Cockfield, Eoe s P |3,632| 10 ockfie ; 

Catahoula, Mio s P |3,860| 8] DF | Frio 7,511 

29) 18) 1 Frio, Olig : : 

0 rio, Olig s p |4,199] 3] 2 | Frio 4,750 
ous shoula, Oli S$ Pp |2'550| 10] DLF | Vicksburg | 5,252 
i he ac sag ed Pp |2'450| 12] MFL| Yegua 3°717 
~ a Be egy tee ge 8 4'300| 10| NFL | Yegua 5/410 

ee Mas ig a i Sole p lepolhaol ele 5,058 
Ue y § | p |5240| 10/ F |CookMt. | 5,313 

385] 5] 2 Hat Mare, Frio, Olig s | p |5100| 24| DF | Vicksburg | 8,527 
a ab x Veguasioe $ Pp |1,400/ 7| DLF | Yegua 1,785 
7; 0} 0 Yegua, Eoc : $ P |1,814| 8! SL | Yegua 3,382 

Oakville, Mio; Het., Olig 
ae Tin Ol os ok gs | P |1,900/ 38] AF | Frio 7,211 
le, Mio; Het., Olig : 

234) 4) 6 Catahoula, Olig; Frio, Ole} Bla rink area eH ns 
nee Shee ts gs gs | Pp |5:800/ 5] DF | Frio 6710 
7 0 0 Frio, Olig gs | Pp |3:750| 10] A | 3,770 
4) 0} 0 — s | p. |2708| 15] MF |Cockfield | 3,008 
ee Mirando, Eos g p |4/210| 10| MF | Yegua 4/389 
Pitta Be Oe S | P |4,600] 10, 2 | Yegua 6,006 
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substantial reserves, we cannot expect to latter half of this year we shall see many | 
increase this production in 1944, and by the good fields unable to maintain their state | 


TABLE 2,—Summary of Drilling Operations in South Texas 
Be ES eee 


Important Wildcats Drilled in 1943 


Top of Surface 
Pool Name County gins: Foraiee 


| 


1 | Bl in ee. 4,937 5,605 | Lissie 

2 Beacon Wilton 7,398 7,516 | Goliad 

3 | Cosden-West 3,645 3,650 | Goliad 
4 ineral...... 7,478 7,893 | Goliad 
| Diynsine nese ta teehee ae es 4,213 4,752 | Lissie 

6 | Scott and Hopper { oe \ 6,912 | Lissie 

MA ClAES: ssatsversitte el cloves ts 3,768 3,845 | Reynosa 
8 | E. Fitzsimmons........ . 4,651 4,857 | Reynosa 

3,723 
9:| Stakes. i855. vaducve weve «coe ay store eaeders a tata ata a ee ee eet eee a 3,168 4,010 | Reynosa 


10 | Cabeza Creek. . 
11 | Terrell Point. 
12 | Slick-Wilcox.... 


7,743 8,982 Gated 


13 | Little Kentucky. ..| Jackson 5,703 6,850 | Lissie 

14 | Sterling........ ..| Jackson 4,844 6,503 | Lissie 

15 | Armstrong ..| Jim Hogg 3,247 3,260 | Reynosa 

16 oe Riekase Jim Hogg 5,061 5,185 | Reynosa 

17 | Yeag Jim Hogg 3,764 3,771 | Reynosa 

18 North. Magnolia bear! Jim Wells 5,260 6,156 | Lissie 

19 | Wilson.. Jim Wells 7,348 8,211 | Lissie 

20 | Burrell-Wilcox. . Karnes 6,742 7,016 le 
21 | Hobson...... Karnes 4,000 4,800 | Catahoula 

22 | Hando Creek. Karnes 6,582 8,160 | Oakville-Lagarto 
23 | Porter. . Karnes 4,120 8,015 e 
24 | North Porter. ..| Karnes 4,011 | 4,182 to-Oakville 
250 (RUNGE ae se soo ..| Karnes 6,599 8,020 | Oakville-Lagarto 
26) (Coquateie.cs ses oe aitee are SS no eects Live Oak 7,462 8,030 | Oakville-Lagarto 
Bri Gocbeladyat i 41. tts saa aL anti See ee Live Oak { Poa2 }| 7090 | Oakville-Lagarto 
28 ..| Nueces 7,202 8,176 | Beaumont 

29 ..| Refugio 5,025 7,134 | Lissie 

30 ..| Refugio 6,185 | 6,502 | Lissie 

oul .| San Patricio 6,442 7,061 | Beaumont-Lissie 
32 ..| Starr 4,130 5,005 | Reynosa 

33 ..| Starr 3,617 3,626 | Catahoula 

34 .| Starr 2,848 4,004 | Reynosa 

35 Zapata 1,941 2,312 | Frio 


2 Dual completed. 
TABLE 3.—I mportant Extensions Drilled in South Texas in 1943 . 


Sand 
Thickness, Age Sand Type } 
Ft. Discovery 
— | 
A Cadena, JeRls da Wares saute less Sea en aeee Duval % Gas 
2 | Hashes sosercvseonensesevsceerseceensse Jim Hoes Pettus ‘| Oil | 
dq) Themes Loans So ps ee Tan baer he | 
dH Stake as. «318th ate aoe ices Sheen Or eee Duval 3 Oil 
Gi North sunt. .@ otic: usia cutee: eee seem Starr Fri : 
MAI CBE Gry. siathust sieceuele us, 4 Qtacctc NN oR ete re a San Pat. a8 OW oe We v 
Bi Wade City ads. othe vue aotearoa eee Jim Wells 18 dise | Frio Gas di 
i) Willamas. teehee th Uae eee ees Willacy 7,919-7,947,| Frio on 
ie Fries ‘ Shy broken 
OF EUOWH vtisateratete ais sss 514 anne rates ahora hee ERE DeWitt 13 Wilcox Gas dist. 
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The past year saw the first dual oil com- 
pletion for South Texas, and in many fields 


TABLE 2.—(Continued) 


Important Wildcats Drilled in 1943 


eae as 


we Ve 


Zone 
Penetrated 


Beompcoes 8 SRR Reo oOo a mone COND THROW ¥} 


en AA RE Te eT A CR TI SN NN RE BEE rey FING MMPRL SATAN Be PER AREER WON 


Discovery Well 


Initial Production Pressure, Lb. 
per Day Saeed ws per Sq. In, 
Drilled by Fractions Remarks 
Oil, U. § an 
Bol, | Gas Cu. Ft. Inch Casing | Tubing 
Pure Oil Co. z 1,400,000 50 sealed 1,875 
Machank Oil Co. 48 3,645,000 M4 2,455 2,325 
H. B. Zachry Co. 77 z Me 550 135 
Dirks & Coquat 124 3,650,000 4 2,200 2,200 
W. E. Rowe 70. 5g 1,700 1,300 | 60% water 
Humble 0. & R. C ari 
umble O. of 3 8 Se sealed 710 |S.and P. 2,400 lb. 
Stanolind O. & G. 16 pump z z 
H. J. Porter 10 5 ; ts Suinl Flowing by heads 
{6 > 

G. bale Strake 5 bbl. 1g 1,125 1,250 
Continental Oil & Atlantic 2 2,200 2,500 
Fred W. Shield 156 5$2 1,500 1,300 
Continental Oil Co. 232 542 1,460 1,075 
W. L. Pickens 132 V64 980 765 
Boyle Sterling O. & R. Co. z z x z 
The Texas Company 82 ie 350 80 
Sun Oil Co. 99 346 1,225 535 
M. L. Massingill 114 yy 350 25 
Humble O. & R. Co. 121 4g sealed 60 
Sam Wilson z open flow test z 
American-Liberty 16.5 5 
Seaboard Oil Co. 93 
Philips Petr. Co. 174 
Transwestern Oil Co. 38 
Cox and Hamon 118 
Arkansas Fuel Oil Co. 132 
H. Coquat 33 
Philips 6.5 
P. R. Rutherford z 
P. R. Rutherford 90 
John O’ Neal 52 
Continental 225 
L. M. — - 
Goldstein i 
Texas Co. — z S. and P. 680 Ib. 


Oil, U. 8. Bbl. 


Taylor Ref. Co. 
ican 


Pan 


Republic Natural 


3 a ys . 4 
CO NON Pwr | 


No. 1 C. P. G. de Garcia 
Sun No. 4-A T. T. East 
Humble No. 1 Coward 


Stanolind No. 2 Clara Driscoll 
Sun No. 1 Montalvo Heirs 

No. 1 Hancock Mutual Life Ins. Co. 
Republic No. 1 L. A. Straube 
Baldridge & King No. 1 Cavazas 


Adams No. 1 J. E. Piefner 


tions of 
Gas, Cu. Ft. | an Inch | Casing cae 
,000 1 mile W. extension to 
ees dist. Cadena field e 
Ratio, 650 6 980 175 | 144 miles S. extension _ 
Ratio, 13,500 4 Sealed 775 | 14 miles 8. W. extension 
1 mile N. extension to 
abandoned field 
i Pumping 2 mile N. E. extension 
. | Ratio, 7,135 542 900 450 | 6000 ft. S extension 
1g 700 380 | 34 mile W. extension 
32,000,000 3000 ft. 5. W. gas extension 
Ratio, 711 885 325 | 8300 ft. S. extension 
15,000,000 980 | 1,050 | 4700 ft. 8. E. of production 
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Taste 4.—New Sands Drilled in South Texas im 1943 
ee 


Pay T 
Month | Average lype 
ie is- | Depth, Sand Age of Sand Discov- 
ee ea ee Ft. Thick- ered 
ness, Ft. 
ille (Ri Jan. | 5,570 | 25 Frio Oil 
1 Bentonville (Richard King)........+--.0-0.---+--7----) Boones |yeb. | 61740 | 8 | Carrizo-Wileox | Gas dist. § | 
i OB oe ol eso oe oe ee Es Duval Apr. 2,900 | 4 First Driscoll | Oil | 
4 Ones Be gene Sat LORE CE Oe i eas. San Pat | Sept 6,700 | 20 Frio Oil 
5 | Robstown....... DANG aang bees Tomes fen oe Vee Nueces Nov. 7,140 3 max. | Frio Oil | 
6| South Sinton.......... RT on Hea near Fe San Pat. | Nov. 3,270 | 25 Catahoula Gas 
ile Charles, scr otadyaicu titanic canes hee meme Aransas | Oct. z Frio Dist. 
8 | Secligaon..c:...-..--++- Nas as es Jim Wells | Feb. | 5,670 | z Frio Oil 
GHGS HrathOnire re teccte necator tetas =r: .|Kleberg | May 6,145 8 Frio Oil 
TO IANOrtl SUM ye ancl ebete clears cr teaahs ae ialsralo lef oralate ayetietetate tare Nueces Nov. x x Frio Gas dist. : 
PE WiGodsbordsiccacng ccs wc tronte ot tte miegnioiss Mae aero eater mst Refugio Aug. 5,520 6 Frio Oil 
at 
eee 
Initial Production per Day Cocks Pressure, Lb. per Sq. In. 
Discovery Well eae ; Remarks | 
il, Gas, tions o! 3 3 
US. Bbl. Cu. Ft. |anInch| Casimé | Tubing 
1| Sun Oil No. 1 E. M. Brownlee 181 Ratio, 661 i 200 900 ; ‘ 
2 peerecen Liberty No. 1 W. Otto Von | 164 dist. per | 5,300,000 46 Wilcox production 
Roeder seule oa ft. DA Arce aor 
Continental No. 15 B. Driscoll : 4 se : Fi 
i Seaboard Oil No. C7-A Welder Unit 186 Oct. 45 | Ratio, 620 3 Sealed | 1,125 
5| Sam E. Wilson No. 2 E. W. Naumann 81 Ratio, 1,250 Ms 1,800 600 New deep sand 
6 | Seaboard-Tide Water No. 1 J. D. Hollon SL , 1,475 S.I. | 1,400 S.I. 
7| Continental No. 6 St. Charles 110 Ratio, 23,215 | 316 Sealed | 2,750 : ! 
8 | Magnolia et al. No. 38 Seeligson 92 542 Sealed 500 ke os prod. from 
e 
9 | Chicago Corp. No. 52 Wardner 157 52 1,410 “Clyde sand” well, 
dual completion _ 
10 | Sun Oil Co. No. 3 D. Laurel 20 Ratio, 21,950} 316 480 950 New deep sand dis- | 


Ratio, 671 


covery 
§ 1,220 910 | 


11 | Southern Minerals No. 5 R. H. Wood 162 y 


that have multiple sands it is now common 
practice to dually complete the wells. 
Dual completions may be sources of 


TABLE 5.—Wells Drilled in South Texas 
im 1942 and 1943 


Year | Total Wells Drilled Oil Gas Dry 
1942 1,077 622 4I 4r4 
1943 982 495 63 424 


WILpcAT WELLS 


and when either zone or both 


trouble 
zones begin to produce water or increase 
in gas-oil ratio. 


With the increase in allowables for all 
fields, the number of workovers has | 
increased,’and this work will increase as it | 
becomes more difficult for our wells to 
maintain their present rate of production. 


GENERAL 
During the latter part of 1943, there was 
an increase in the number of wells being | 
drilled. If this is continued it should be | 
reflected in a greater number of new oil 
fields and extensions of old fields being 
discovered in 1944. New discoveries in 
South Texas will probably reflect the 
general trend throughout the United 
States, as we can expect more discoveries, 
but the reserves in each new discovery 
may be smaller than in previous years. 


Oil and Gas Development in South Central Texas in 1943 


By Wim H. Spice, Jr.,* MrempBer A.I.M.E. 


For the year 1943, exploratory drilling 


in South Central Texas continued on the 


_ sharp decline that started during 1942. Of 


the 30 counties comprising this district, as 
now revised to include the same area as is 
covered by District No. 1, Oil and Gas 


_ Division, Railroad Commission of Texas, 


15 counties are producing oil or gas. Only 
29 exploratory wells were drilled during 


1943, aS compared with 51 exploratory 


Be Oe 
A 


ieee 8 


“abe SS yt 


A ee 


wells in 1942, or a decrease of over 40 per 


cent. 


One new oil field and one new gas field 


‘were discovered during the year and a new 


horizon was discovered in an existing oil 
field. This compares with two new oil fields 
and an extension to an existing gas field in 


) 1942. 


The one new oil field, South Washburn, 
in southeastern La Salle County, was dis- 
covered by Quintana Petroleum Corpora- 
tion’s No. 1-D South Texas Syndicate in 
April 1943, flowing 4 bbl. per day, 48° 
A.P.I. gravity oil with an estimated 4 mil- 
lion cubic feet of gas from Wilcox sand at 
6030 ft. This well is the result of an exten- 
sive seismograph survey of the area. It is 
about 414 miles southwest of the same com- 
pany’s Green Branch field and by the end 
of the year one dry hole had been drilled 
to the southwest of this discovery. 

The one new gas field, which was not 
named, was located in eastern McMullen 
County by Edwin M. Jones’ No. 102 
Ezzell, in November 10943, for an esti- 


mated 8 million cubic feet of gas from 


shallow Jackson sand at 1222 ft. No addi- 


Manuscript received at the office of the 


_ Institute April 24, 1944. 


* Consulting Geologist, San Antonio, Texas. 
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tional wells have been drilled in this area, 
which may also be considered as an exten- 
sion to the South Calliham field. 

The one new producing horizon was 
discovered in the South Campana field in 
southeastern McMullen County, by Argo 
Oil Corporation’s No. 2-G Edrington, in 
January 10943, flowing 55 bbl. per day, 
21° A.P.I. gravity oil with 4o per cent 
water from Government wells sand at 
2609 feet. 

None of these discoveries were of 
major importance and subsequent de- 
velopment in these new areas has proved 
to be disappointing. 

Production for the district during 1943 
totaled approximately 6,985,000 bbl. from 
about 3430 producing wells. This is an in- 
crease in production of about 5 per cent 
over 1942, but a decrease in producing 
wells of about 10 per cent under the num- 
ber of wells producing in 1942 for the same 
district. Average production per well was 
5.4 bbl. during 1943 as against 4.8 bbl. 
during 1942. Approximately 5,320,000 bbl. 
of this total production, or 76 per cent, was 
produced by the four Edwards lime fields, 
Luling, Branyon, Salt Flat, and Darst 
Creek, which are from 22 to 14 years old. 
The remaining production came from the 
43 other active oil fields in the district. 

Drilling in the proven fields maintained 
approximately the same level as for 1942, 
with a total of 36 wells drilled. Of these 
operations, 21 were oil wells, one was a 
gas well and 14 were dry holes. This is a 
slightly better proportion of producers 
than for 1942. Washburn field had the 
greatest number of new producing wells 
drilled during the year, with a total of 10. 
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| Line Number 


oo s oot own = 


TABLE 1.—Oil and Gas Production in South Central Texas 


Field, County b 3 

>) 

S| < 

[o) - 

2| 3 

a 5 

so a 

a 

Alta Wabbit Bertir hasi 6 oc. kane bean ana, anne ease 1912 300 
Bees Creek; Caldwell x5 a2 seysaavyaccsiee eevee 1940} 320 
Branyon, Caldwell eon eamsccine ss coeiscioacteaeieceiets 1930} 900 
Buchanan, ‘Caldwell 2, irsc..ae otnkec easel cee 1928} 250 
Burdette Wells,? Caldwell............cceeseeeeeees 1936 200 
Byersville,2) Wlliams0nsatmusyenriene ceeatteean ene 1933 370 
Calltham;# McMullen cnet acts accent vate emeniers 1918} 500 
Campana,’ McMullen cc. cvscccenesccsvssdsecrtes 1938 10 
South Campana, McMullen...........0.0c0ecceue 1941 180 
Carrizo; Dammit era c ee este cosckeme ote 1941 20 
Carroll,® Bastroticcce to ens tu see ce ens 1932 100 
Cedar: Creek? Bastrop aly. meee cence teen 1932 100 
Chapman, Williamson. 9.5... «ae st sane eee ee 1928 450 
Chicon Lake Medina, sca nccsticiecacs Sones meee 1929 450 
Growther,6iMfcMulleniesck fats. eee 1915 80 
Dales? Caldwell; Mec rte ce cme eiseecrae seta eat 1927; 840 
Darst Creek) Guadalupe ..20.2c. scence oe aetene 1928} 1,920 
Darst Creek Ext., Guadalupe ............2..0-0-- 1935 200 
Day, Guadalupe ccm ders tys Se ard esos oa ade 1940 20 
Dunlap? Caldwelitccnc se genet detour cscee ob ames 1930 120 
Dunlay;9 Uf edtnatse -Faa05. cima. hos eee 1938 30 
Bokent;Becaredwuen sotcieeh «bites detec me 1927 850 
BloineiBastrop ste eee. kids nets eee a ee ae 1941 10 
Elm Creek,!9 Guadalupe........0..cccccucceeccucs 1939 400 
Ezzell, McMullen, Live Oak.... 0.2... 0 cece cc ecee 1937} 1,500 
Gas Ridges Bérar-ee. son matte a eee meee 1912 150 
Green Branch, McMullen..............00-ccec0--e 1942 50 
Hilbig, Bastrop cya. cept orat eae ae ete 1932 260 
Jmogend, Atascosa tata, ae son eae ee 1942 160 
Jacobi lt MoM ullen.t 24. <canateccerte. Wee, eee 1926} 1,290 
Jiones;> Berar’, cs cceec eenit ace Oe ee 1921 20 
KimbroTrastestahs ik Sey. ee ene 1935 40 
La Coste,!*+ Barat actin. cae eee ae 1939 40 
Larremiore;! Caldwell. 201. ves ck eee. 1927 80 
Lents; Bastion 22.0 cantkr:. ease esa ae 1941 60 
LomarAlta, MoMtillen®. sats katie ace eames 1935 80 


» Footnotes to column heads and explanation of symbols are given on page 270. 


1 Abandoned 1943. 

2N.E. Luling. 

3 Includes Mathews and Noack. 
4 Includes 8. Calliham. 

5 Abandoned 1942. 

® Abandoned, date unknown. 


ee with W. Dale, N. Dale (Bateman). 


ark. 
® Abandoned 1940. 
10 Lavernia, 

1 Includes N. Jacob. 

12 Fairfield. 


Oil Production 
Total, 


Bbl.¢ 


Gas Production, 
Millions Cu, Ft.¢ 


OIL AND GAS DEVELOPMENT IN SOUTH CENTRAL TEXAS IN 10943 


Number of Oil 
and/or Gas 
Wells/ 


To End 
of 1943 


125,480 
266,199 
3,080,782 
474,772 


60,803 
584,459 


1,080,091 
831 


124,927 


6,391 
101,547 
307,089 

4,459,270 
108,752 
25,000 


1,656,705 


55,415,634 
391,540 


0 
379,897 
88 


3,033,010 


114,282 
855 
1,831,392 
30,208 


1,739,378 


During 
1943 


0 
17,142 
114,026 
21,446 


1,076 
12,666 


38,627 


10,117 
47,777 
13,616 

0 


48,985 


2,732,990 
5,413 


0 
11,451 


0 
21,490 
0 


8,649 
243,304 
12,340 
855 
129,633 
29,373 


84,398 


To End 
of 1943 


During 
1943 


of 1943 


Sooietet to 
En 


1943 


Completed 


Abandoned 


71 


71 


29 
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TABLE 1.—(Continued) 


—  aea ean Sa [ees Cee ee ee 
z) Lead Reser- Character F : Deepest Zone 
ri Dec. 1943 |Voir Pres- of Oili Producing Formation Tested? to End 
4 sure, of 1943 
: Lb. per — 
Oil Sq. In 
= i > 
| 3 : 
| mi 4 
i > a s 4:3 
2 ha = a AY Name and Age? ele Bz Name 
=| < 2 ‘ > Sas) lies ° : 
ra a\|P + 5 - ene |B] 3b wee 
ele) | | a [Sid 28) 3S = | Be) S23 |B5| 2 =o 
o = et a oy & Su eb ° 2 
sic] = |g S Sis es] SS BS | Bae |22| BS 
is < (S| 3 jz|g/5*| a™ & | S8| ges [Fa] s aa 
: il ; 0 z 35.0) 0.3 = sands, CreU| S | 15-20 220 | 20 F | Trinity sand | 4,535 
- 2 25 3 
F : oS { Serpentine, CreU | LP | Por | 2,050 | z | Intn | Austin chalk | 2,250 
r 138 z 37 | 0.8 | Austin aaah Edw.| L | Por | 1,816 | z | F | Edwardslime| 2,450 
lime, Cre 
¢ 4;0| 23 z 32 0.2 | Serpentine, CreU P 12 1,750 z | Intn | Edwardslime| 2,483 
= 5|0 2 200 36 0.8 | Edwards lime, CreL L_ | Crev 2,210 | 15 F | Edwardslime| 2,420 
3. 6| 0) 41 z G| 37 0.2 | Serpentine, CreU 2 20 850 z | Intn | Edwards lime] 2,000 
; 20 irando 848 | 15 M 
ri 7| 0} 59 z 20.6) + = |4 Govt. Wells, Pettus,|>}S | Por |4 1,080 | 10 | F $| Carrizo 5,301 
Gas Loma Noyio, Eoc 1,221 | 10 L 
: 8| 0 0 z 24 z | Government Wells, 8 Por 2,492 | 20 | MF | Pettus 3,102 
/ Cole 1,864 | 32 
9 |12 2 z 22.8 = Govt. Wells, $ Por 2,554 io} MF | Cook Moun-| 4,486 
S Pettus, Eoc 3,012 | 12 tain 
10) 1 0 z 30 z | Navarro sd., CreU S$ 12 2,300 | 78 | Intn | Edwards lime| 2,919 
ul 0 0 z 36 0 | Serpentine, > 12 2,300 78 Intn | Edwards lime} 2,919 
12} 0| 7| | 100 35 | 0.2 | Serpentine, CreU P | 15-20) 1,650 | 50 | Intn | Edwardslime| 2,300 
A 13} 0} 70 400 36 0.2 | Serpentine, CreU P 20 1,750 | 20 | Intn | Edwards lime} 3,226 
14} 0) 74 z 21 0.1 | Navarro sands, § 15 260 | 20 D_ | Edwards lime} 1,725 
15| 0 0 z 18 z | Diboll, s Por 500 | 10 ML | Cook Moun-| 2,000 
tain 
le lime, 
ey, Oy] | 160 37 | 0.2 |{ Rae nuee Cet. | LP | 15 | 1,915 | 30 | Intn | Edwards lime| 2,661 
17| 6| 340 350 36 0.8 | Edwards lime, CreL L Por 2,650 | 30 F | Travis Peak | 5,509 
(«18 0 2 200 33.6) 0.5 | Austin Chalk, CreU Cc 5-25| 2,375 |100 F | Edwards lime | 3,200 
19|0| 0 z ae | Ae Oe : 
, CreU CL | Por 2,377 y F | Edwards lime | 2,830 
2} 0| 7] | 400 36 | 0.6 | Austin Chalk, CreU | C |Crev.| 2/375 | 15 | F | Edwards lime| 2,420 
21) 0 0 z 21 z | Serpentine, CreU is y 542 z | Intn | Austin Chalk 851 
» 22/0} 101 z 34 0.3 | Navarro sands, CreU| S 16 620 | 10 F | Edwards lime} 1,590 
23] 0 0 z 36 z | Austin chalk, CreU C | Crev. 2,820 | 20 F | Edwards lime | 3,352 
24/0} 29 z 40-42 z | Navarro sands, CreU | S-Sh | Por 700 z T | Navarro 800 
25) 1| 126 z G| 20 z | Loma Novio, Eoc iS] Por 1,490 | 11 ML ies Moun-| 3,180 
ain 
26/0; 64 z 22 0.4 | Navarro = CreU > <s ; = 15 A | Travis Peak | 3,460 
28.2) = ¥, ‘or i: z 
a} i} of | z { = td = rig | ited) eae -$ F | Navarro | 7,623 
get fie 12 1,240 P| 37 0.2 | Serpentine, CreU P 12 2,450 | 50 | Intn | Edwards lime} 3,250 
29/1 3 z 38.7 z | Edwards lime, CreL L Por 7,570 2 az |Edwardslime| 7,648 
Gas Mirando 8 
730; 0) 71 z {38 } z Pettus, Eoc 8 Por 1,050 4 ML | Mt. Selman 3,171 
20.5 Yegua 8 : 
31) 0 0 z z z | Navarro sands, CreU | S-Sh | Por 600 z T | Edwards lime | 2,008 
32] 0 4 z 36.5) z | Serpentine, CreU P Por 660 z | Intn | Edwards lime | 1,280 
33 | 0 1 z 31 z |Anachacholime,CreU} L Por 1,150 z N_ | Austin chalk | 1,227 
34] 0 0) 3 = 23 0.6 | Edwards lime, CreL L 30 1,285 | 35 F | Travis Peak | 3,360 
35| 0 3 z 36 z | Dale lime, CreU L Por 2,226 | 18 F | Austin chalk | 2,453 
36] 0 3 z 21 z | Chernosky, Eoc 8 Por 2,195 | 12 | MFL | Cockfield 2,766 
pele ing eS ee 


534 


TABLE 1.—(Continued) 
eR 


OIL AND GAS DEVELOPMENT IN SOUTH CENTRAL TEXAS IN 1943 


Oil Production Gas Production, Ne Oe 
Total, Bbl.¢ Millions Cu. Ft.¢ Wells/ 
1943 
Field, County > 3 
i) Co 
z 8 | ~ | ToEnd | During | To End | During | 909 
3 &| © | of 1943 | 1943 | of 1943 | 1948 |S], | 
q Al) é B7/3| 8 
Z s| é FOE SE: 
s g| 3 ga|e\2 
3 | <a OAS |= 
31] Tone Owk,? Berar iscsi «ceteris tacts se seretsleriel ne as 1934 10 4,485 0 1} 0 0 
38] Luling, Caldwell, Guadalupe............-..-00000 1921) 2,200} 80,022,808; 1,649,798 606} 0} 42 
39|\ Lytton Springs, Caldwell...........c2.2.--+-ccees> 8,758,696 83,233 157| 0 12 
AQVManda,S Py atts <srcrac tele sora iisicres Peete creas 25,269 0 3] 0 0 
41) Manford, @uadaltipes jcee as vai e's) aise oe 421,879 6,567 0 0 
42) Minerva-Rockdale, Milan 3,810,624 66,105 423) 0 13 
436 Mimson, McMullen teem, 2 x ate eee ae 201,544 15,601 17} 0 ts 
44| Nash Creek,!3 Guadalupe. ............22-020000005 46,535 0 1; 0 0: | 
465i Pearsall, Firtoptete save tice 2otle «aero ae 1933 880 1,936,281) 255,904 37; 2 
46)\Philtop:S:Bevara-. tse) 69 een eee ne 1938] 40 8,171 0 8} 0] 0 | 
47) Riddle: Bastrop: t aos aca eta ae ee nee 1938 50 94,017 8,601 7, 0 0) | 
48 (Salt Hat Caldwell.. sees seen eee ooe neta 1928) 1,300 | 44,341,256) 826,431 298] 0 4 
49)'San\ Jose, Mui cllillenses: 2: 80. eens os wee oe 1938 10 450 0 2) 0 0 
50} Somerset, Atascosa, Bexar .............0-..e00e00- 1912) 11,390 | 11,151,086 87,028 915) 0 | 249 
51| Southton=Vturriay Berar ..).. Jue... cee coccte cedes ae 1921 650 701,888 14,243 103} 0 O- 
52), Spiller; Guadaluper. atv sa. clm oe seen ae temeeae 1938 30 23,122 2,319 6; 0 1 
63 Taylor-Ina; Medina: . <2). 2s1i1osirs 2c teas eleu eine 1922 380 160,529 1,014 17/ 0 0 
541 Tenney. Creek, Caldwell sjcjns sae clei-topsuetecio se «ences 1940 150 299,574 90,017 25, 1 0 
55} Thrall, Williamson............. ining. © Leader 1914, 475 2,516,438 16,662 27) 0 0 
56|’Viow: Ormiy:\ Berar s5,2.5 oh) sarek toe cee et eee 1933, 650 309,666 17,366 109} 1 1 
57, Walnut! Creek, Caldwell’... . 2. .-- dese. cs. etn ee 1938 50 8,974 971 3} 0 0 
58) Washburn }52aSalle:..920. fs.dis ss seen fe. bs ee a |1940 420 218,890) 115,470 25) 10 0 
SOY ost #Bastrop tok. ..8-2a yore: Maske cease ee ae 1928 120 927,650 5,643 6} 0 0 
60); Zoboroski, Guadalupe. 2. ...06.2.cdelen loss ode ae. 1935 180 259,772 14,906 14] 0 0 
Gas ONLY 

Gl Adams, Medina ns. asce a accias es eae eae oe 1926, 2,000 0 0 z z 58} 0 0 
G2l(ChittimyeMatenick.. 2902.02. 2-2 k catch cane te 1929 100 77,701 7,359 r 1,534 20) 0 0 
63] Pendencia Creek, Dimmit........................- 1941 1,320 z Zz 3] 0 0 
64| Rhode, McMullen 1,200 x = 11} 20) 0 
65| Wentz, McMullen 80 = x 3] 0 0 

Potala ee cs, oc eee no os ae aa 41,831 | 233,307,097) 6,985,376 1,634z | 4,706] 22 | 404 


18 Abandoned 1941. 
14 Abandoned 1939. 
18 Includes S. Washburn. 
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; TABLE 1.—(Continued) 
eo Sse 
Wells Pro- 
* Reser- Character Ek 4 Deepest Zone 
An? Coe te ae Pied of Oil Producing Formation Tested? to End 
: sure, of 1943 
: Lb. per 
ay Sq. In 
e a ‘ + ; . 
‘ eae ae 2 2 
, ell cs i. 
+) & = = : a ‘3.0 
> 3 5 Flee! a; Name and Agei ee ales Nuffia 
al.) 5 S\b<.| 2 eee aa) eel a 
y 2\2| 8 || = [els 25] SS = |33/ 525 |S8| 3 Me 
> 2\8| = ls] = | Pls es| SS 40 )-er) Bee Sele 23 
Se oi) < oS Ss ltldl ot] &é 5 ce] ASN [Ea] 5 an 
 - =—— 
4 Navarro-Taylor, 
37 ylor, 
E 7 ey " eae Gre U S | Por | 1,480 |18 | F |Edwardslime| 2,250 
= 38 538 1,500, 27 } 0.9 | Edwards lime, CreL L 25 2,100 | 50 F | Schist 7,859 
~ 39) 0) 134) | 1,250 31.5) 0.4 | Serpentine, CreU P 12 1,535 xz | Intn | Edwardslime| 2,050 
ye 40) 0 0 z 34 0.4 | Serpentine, CreU P | 15-25 720 az | Intn | Taylor marl * 850 
a 41} 0 1 1,250 37 0.9 | Austin chalk, CreU Cc 35 2,260 | 30 F | Edwards lime} 2,800 
0} 406 = 38 0.2 | Navarro sands, CreU | 8-Sh | Por 6 15 T | Edwards lime | 5,000 
0} il z ar) z | Mirando, Eoc S | Por | 1,200 | 12 | ML | Pettus 1,501 
0 0 340 27 0.8 | Taylor Marl, CreU SL | Por 2,570 | 30 F | Edwards lime | 3,342 
Navarro sands, 3,920 
6} 30 1,500 28 0.4 Austin 8.C. | Por 15 N_ | Travis Peak | 10,050 
| | chalk, CreU 5,400 | 2 
0 0 ete 23 z | Austin chalk, CreU Cc Por 1,100 x Voz x 
| { Austin chalk and 
0 xz} | 39 z ed rg CreU | CP | Por 1,667 z F | Austin chalk | 1,777 
O| 268} | 200) | | 36 | 0.6 | bam ras lime, Grels | 1 | 30 | 2670 | 25 | ¥ | Kdwardslime| 2918 
0 z 23 =z 4 io " 8 Por 1,147 16 ML | Yegua 2.370 
/ Navarro and Taylor B 
0| 457 300 36 1.4 sands, CreU SSh | 22 1,200 | 30 TF | Travis Peak | 5,311 
0} 103 = 32 | 0.5 | Navarro sands, CreU | 8 16 600 | 10 F | Glen Rose 3,850 
0 3 =a 38.3 z | Buda lime , CreL L Por 2,012 F_ | Edwards lime | 2,382 
0 69 z 18-19 (0.4-0.7| Navarro sands, CreU | S-Sh | 15-20/{ 29 | 19 | g }| Edwards lime | 2,048 
Austin chalk, Buda 
/ lime, CreU, ‘or 2,340 | 6 uda lime 2,705 
re = : = 2 lf Cre | CL | P 0 | F | Budali 7 
© 55; 0 21 400 37 0.5 | Serpentine, CreU ? 25 700 75 | Intn | Travis Peak 3,290 
= 56/0) 102 on oe 0.4 | Navarro sands, CreU | S-Sh | 10 506 | 20 F | Edwards lime | 2,835 
=) 57) 0 1 z 36 z | Serpentine, CreU P Por 1,230 {100 | Intn | Austin chalk | 1,900 
~ 58}19} 2 z 41 z | Wilcox sand, Eoc S | Por | 4,860 | 7 | a | Navarro — 8,300 
0 4 400 27 0.3 | Serpentine, CreU P | 15-25/ 1,335 /100 | Intn | Edwards lime} 2,600 
0} «14 150 ene 0.8 | Austin chalk, CreU Cc 10 2,050 | 75 F | Edwards lime} 2,600 
Gas ONLY 
N: id Taylo: 
ss a 0 S { ‘ands, CreU | SSh| Por | 900 | 2 | F |Edwardslime| 2,289 
3,205 
0) 5 z 42°— Buda, Edwards and { 2s z A | Travis Peak 7,635 
44° ze | Glen Rose, CreL | L | Por 5,650 
0| 2 z 0 Navarro sand, CreU 8 Por { 1,385 \ 2 A | Taylor 3,005 
Cole, Eoc 8 Por 1,800 | 12 | MEL} Yegua 3,534 
a | | Cole, Eoe S |*Por | 370 | 12 | ML | Yegua 1/654 


Imogene field had three new producers and _doned; in Minerva-Rockdale field, 13 wells 
Dale and Pearsall fields had two new pro- were abandoned, and in Lytton Springs, 
ducers each. 12 wells were abandoned. These were all 
Approximately 400 wells in the district marginal wells in fields from 32 to 19 years 
were abandoned during the year. In the old and reflect material and manpower 
Somerset field alone, 249 wells were shortages, together with rising operating 
abandoned and equipment salvaged. Pro- costs. The high rate of abandonments is a 
duction in this field dropped from a total serious factor, which will prevent future 
of 140,937 bbl. in 1942 to 87,028 bbl. in increases in the production rate for the dis- 
1943. In Luling field, 42 wells were aban- trict and undoubtedly will be reflected in 
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36 
a more rapid decrease in production during 
the next few years. 

Exploratory work in the district was 


er 


SOUTH CENTRAL TEXAS IN 1943 


areas favorable for deeper lower Cre- 
taceous production and those with Jurassic 
possibilities. 
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Fic. 1.—LocaTION OF OIL AND GAS FIELDS, SouTH CENTRAL TEXAS. 


confined mainly to the areas along the Wil- 
cox trend, with some scattered test wells’ 
along the deeper Edwards lime trend in the 
western part of the district. Leasing has 
also been most active in these areas, 
with additional activity directed toward 
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Developments in West Texas Oil Fields during 1943 


By Ropert S. Dewry,* Memper A.I.M.E. 


As a result of drilling operations during 
1943, West Texas again added sufficient 
new oil reserves to replace the oil produced 
during the year, but failed to maintain its 
position in currently available reserves be- 


“cause the deeper discoveries will require 


years for development. Drilling failed to 
provide the additional oil necessary to meet 
the increase in current and anticipated 
market demand. Although 13.3 per cent 
of the total footage drilled was in wildcat 
exploration, the ratio of oil discoveries to 
total wildcats was less in 1943 than in 1942, 
but comparable to that in ro41. Of the 732 


field wells completed, 270 were at Slaughter, 


55 at Wasson, 45 at Mascho and 31 at 
North Cowden.. 

As of Dec. 31, 1943, there were 361 
drilling wells including 71 wildcat and 290 
field wells; 19.7 per cent were wildcats. It is 
anticipated that the percentage of wildcats 
of the total wells will be higher during 1944 
than in either 1942 or 1943. Tables 3 and 4 
present a three-year comparison of drilling 
activity and illustrate the downward trend 
of development that has been in effect 
during that time. 

Because of development lag in the 
deeper Ordovician fields, several years 
elapse before a sufficient number of wells is 
completed to give a substantial producing 
rate. As these new oil reserves cost more to 
find, and will cost more to produce on a 
barrel basis than the oil marketed during 
the year, their reserve replacement value 
to the industry is less in money. 

Costs 

While complete costs for deeper drilling 

are not yet available for analysis, it is evi- 


Manuscript received, at’ the office of the 


Institute April 15, 1944. 
*Humble Oil and Refining Co., Houston, 


Texas. 


dent from the data on drilling rates to com- 
parable depths, contract prices, and gencral 
increases in costs, that the cost of drilling 
has risen‘approximately 20 per cent during 
the year. One representative drilling con- 
tractor estimates that the average drilling 
time on a 5000-ft. field well has increased 
nearly one third and that out-of-pocket 
costs have increased a dollar per foot. 
Three major factors contribute to this 
increased cost: (1) less experienced labor, 
(2) deterioration in mechanical equipment 
and expendable material, and (3) increased 
contract prices. 

In the past, when there were more 
drilling rigs than wells to be drilled, some 
contractors would cut their drilling profit 
to keep their personnel and rigs working. 
As this practice is no longer necessary, the 
contract prices are adjusted upward to 
assure a profit. On deep and difficult drill- 
ing, contracts are let on a cost plus basis. 
A number of mechanical difficulties have 
become evident. Inferior quality of steel 
used in drill pipe and rock bits has added 
appreciably to drilling time and cost. Con- 
tractors are experiencing delay in obtaining 
repair work and repair parts for prime 
movers. 

As the length of drilling time required on 
shallow-field wells has not increased in pro- 
portion to that on deeper wells, it seems 
that the medium-sized drilling rig is better 
adapted mechanically than the heavy one 
to the work imposed. One of the main 
deficiencies in the heavy rig equipment is 
inadequate pump capacity. 


DriLtLtInc Mup 


The increasing amount of deep drilling 
has emphasized the importance and rela- 
tionship of good mud to efficient and suc- 
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538 DEVELOPMENTS IN WEST TEXAS OIL FIELDS DURING 1943 


TaBLeE 1.—Oil and Gas Production in West Texas 


c Number of Oil 
Oil Production Gas Production, and/or Gas 
Total, Bbl.c Millions Cu. Ft.3 Wells? 
$ 1943 
County, Field x ie 
: To End Duri a ToEnd | During | 
5 o|a o En uring = =) 
a3 A|é of 1943 1943" | pe | of 943 | 1043 | BE) gE 
'S pape) 
2 6| he Ej G5 |e |S 
= a | $6 3 ES| 2) 3 
4 Shea & o O|< 
a jae eee 
1) ve 
1) Andrews: Clabberhill.................. 1943 40 3,083 3,083 | 92 i> Sine 
0,798 20,595 |249 
3 Rot cee) alek oe epee ty 330 18 386 367,432 |302 214.3 158.5 18} 13] 0 
4 295,581] 281,541 |325 391.9 11.2 ll 4) 0 
5 1,612,852} 380,561 |242 162.9 69} 2) 1 
6 4,040 4,040 55 3.5 3.5 1 1; 0 
7 3,543,693} 304,199 |242 1,188 58 1) OV@ 
8 462,300! 349,569 (312 361 333 30}; 18) 0 
9 191,016) 138,240 [245 166 120 60! 45) 0 
10 6,851,774|—_ 803,074 aay 6,959.7 266.5 1a : 0 
99,284 9,737 |3 
2 8,668] 8,668 | 74 2 2 1). the 
; 567) 31) 1 
13 drews and Ector: North Cowden...... 1930 23,000} 27,907,502) 4,025,443 |242 es 5,664 
14 a West Andrews... -.. sn. Fa ./1940; 1,000 10,55 2327 (249 = ‘ : 
Laili€ochran™Deansstene.) a aeeeee naan 1937 700 ae get a 148.8 38 ae8 
25,778,753 a ah 15,893.9 | 6,890.7 oe oe i : 
5, > 
1,1 77 =|3652 1 0} 0 
727,174; 160,653 |251 430 68 28 1} 0 
21,459 186 |3652 1 0; 1 
82,731 29,929 |249 32 11 5 0} 0 
43,024 34,618 |365 23 18.7 3 2} 0 
. . i Pele. 8 2 0; 0 
24] Sand Hills Ordovician | Ficiveger®\jose| 1,490|}  1:560,109| 531,805 |24s| 141s | a7s{ | 52} 0) 8 
25 Sand Hills Permian............... 1934) 7,500 5,115,206) 1,363,002 /248 7,548 2,206 163} 16) 2 
26 Bandubills: Westieec aceon 1943 40 159 2,159 {184 9 9 1 1} 0 
27 Waddellic)/. = eae sete ieee 11927| 3,500 4,883,035} 717,955 |272 2,734 528 90 0} 0 
28] Crane and Ector: Jordan............... 1937) 5,620 7,400,382) 1,562,100 {249 950 239 0} 0 
29) Crane and Upton: Crane-Cowden....... 1926) 2,160 5,547,318; 145,716 |3652 141 0) 4 
30 eCamey cet. jit dt, i muoeen 1925| 19,200) 57,633,417) 3,189,935 |249 109 0} 22 
31 IMcBlroy,.< iccte es Uc ah tee eee 1926) 14,000) 133,178,662) 6,148,060 [290 | 96,155 6,056 600 ibe 
32) Crockett: Clara Couch................. /1941 400 28,289 16,351 |249 10} 2) 1 
33 Crockett cata eens 1938} 1,020 450,122 90,207 {249 38 1] 0 
34 Hoovers.4cnet eee ee |1941 7,444 1,150 |249 2 0} 0 
35 LIVe Oak or. coe nce ae ee 1940 40 3,278 558 (249 1 0) Og 
36 Noelke:5.F frernun Sao asc 1940| 1,000 371,101} 180,512 |249 45 7| 0 
37 Olson. Fd sere he eee pL ae 320 27,005 16,525 |249 5 2} 0 
38 Simpsons acne eet eee 1938 160 5,668 252 (249 1 0} 0 
39 Todd, Deep ekacscmoenasucnecseenlo40l 860 282,294 81,013 |249 167 48 14 0} Og 
40 World sjeaeaeect Ste ree 1925] 3,000 8,418,956) 686,482 |365 111} 11] ~0 
41 Wyathinach ek we chr aa ee eke meee 1932 160 40,692 5,7. 249 17.9 2. 4 0) 0 
42) Crockett and Pecos: Yates............... 1926) 20,000) 275,188,227| 8,676,680 |352 | 122,137 1,650 560 1) 2 
43) Diawweons Welch sic. astoaten-,hes ces 1941 160 18,829 9, 365 1 0) 0 
Aa Hetore h ORbOR tow cia. icc Seek eee 1936} 13,000 18,061,965) 2,584,784 /248 1,714 583 8| 0 
45 Goldamnith, 600s tsar cna oe 1934) 24,000} 46,578,873) 7,352,982 |264 | 99,000 : 16,000 998) 15) 0 
46 Barer. .2 ¥ tate BRC rece: 1933} 4,000 8,479,808} 507,381 |246 1,044 184 0; 0 
47 JORBSOR See ook are, RI ae ae 1935| 7,520 2,671,974} 810,378 |248 564 126 Li ® 
48 North Cowden Deep........ 1939 400 144,598 25,951 214 18.8 5 0} 0 
49 North Goldsmith................. 130,860 27,587 |248 1,267 187 12 0| 0 
Sotho nee ete by 32,559 ae ae ; 
3,613,276} 825,980 
1,028,810} 452,662 (249 161 74 54 3} 1 
17,065 13,567 |360 7 5.5 1 0} 0 
39,425 39,425 1322 13.2 13.2 2 2) 0 


» Footnotes to column heads and explanation of symbols are given on page 270. 


1 Includes West Fuhrman. 


* All wells in field marginal—no shut in days—each well permitted maximum production daily. 
e annually—in many cases the gas volume not very accurate. 


3 Gas production estimated from gas-oil ratio test mad 
5 Two separate areas. 6 Three separate areas. 
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fi TABLE 1.—(Continued) 
: Wells Pro- Reservoir 
4 ducings ioe es ter of : D 
, Dec. 1943 i. a Oilt Producing Formation ee a ee eves 
; Oil = 5 
| 5 ’ 2 
Fr 5 4 
- 3 & lay Name and Age/ ex, |E2 
: | Ear zy pl. : ame and Age? “ a ase 2 *. a Name 
e | = /e| .| a |Ss| sess = | 8 (S75) 84| = 
BS =| 2 lela] % | £S| glgaise E | Es ees 38) 3 te 
ea eee B SE Lon ate! ial am 
a 1 o| 110 33 H 
ri olt, Per LS i 
22} 10/0 | 1,800 28| | San Andres, Per Te cas SE MING Cree tae hee 
3] 18] oo [gama | | azio.2 |Ellenburger, Ord | D | 2.9) 7885 223 | A | Pre Cambrian 8015 
ORS MR bee ata ae tah D | 6.1 6200100 | A | Pre-Cambrian | 8,015 
‘ Andres, P | : 
| 1] O10 | 1870 42'0.8 | Wichita, Per Reece be tenes aon 
4 = <4 : oo alee beens Per D P 4,248) 25 | A Leg ee ret 
ees 43(0.5 | Wichita, Per D | P | 7,045 A | Wolfcamp 8,005 
10) 414) 69) 2 | 1,900 4 3012.4 | San Andres, Per D | Pp | 4475| 25 | A-| Son knee Boar 
29 San Andres, Pe D : es : 
. , Per 15 | 4,625) 5 | MC) San And 
é 1] 0| 0 }2,315 sigs) 4410.5 Clear Fork-Wichita,| D | P | 6,900(120 | A | Wichita 7458 
445 |118 1 | 1,740, 1,215)G |) 321.7 | Grayburg, Per DS 
4 : 11. , 10.2 | 4,0 
4 - : 2 . / 36) San Andres, Per D : 4300 25 A ibaa 8368 
“I 5] 4 0 1,125) | 29) San Andres, Per D | P | 4,900) 12 Claar Fork 6,621 
7 1,397 102) 1 | 1,700) 1,565 3211.9 | Ben osha Per D P 2950) 32 Me Gear Fork 7/000 
4 e 1) : 41 | Cisco, Pen L Pa) Sea oy Cisco 3/898 
20 7 | 20\ 0 3411.5 | Graybur; 
> g, Per DL | Poo: 3,150) 15 
a 0} 110 | Grayburg, Per pD | P| 3315 x aa rere 3605 
2 1| 4! 0 | 1,375) 1,000 35 Grayburg, Per D | P | 3,250; 20 | A | San Andres 3,734 
1} 2) 0 | 2,681 43 0.14 ae Simpson, | S | Fair | 6,125} 8 | A | Ellenburger 7:204 
2| 010 | § 37 Si Ord i 
2,618 impson, 8 P 5,550) 20 | AF | Pre-Cambrian 7,158 
24 29; 2 of {iu Ellenburger, Ord D ee 5,900} 20 | AF | Pre-Cambrian 7,158 
25} 136 | 20) 1 | 2,125) 1,447 35 Wichita, Per p | P| 4250] 4 i 
26 0} a0 | “4sa| “484 Holt, Per D| Pp | 300 18 > Hac ta ee 
73 | 12| 3 362.1 | San Andres, Per D | P | 3,450] 20 | A | Clear Fork 3,622 
28; 163 | 61/ 0 32/2.1 San Andres, Per D P 3,500) 20 A | San Andres 4.038 
29} 0 | 96/0 282.4 | Grayburg, Per D |10 | 2,250/ 10 | A | San Andres 2:750 
30 0 |830| 0 28.2.2 | Grayburg, Per DL| P | 2100| 30 | A | Bllenburger 8,358 
1| 72 |523| 0 30 2.4 | Grayburg, Per D | Cav | 2,800] 40° | A | Ellenburger 12,787 
32 g 6 1 26 San Andres, Per D P 1,882] 20 A | San Andres 2}166 
33 7 | 31) 0 311.7 | Grayburg, Per DS ie 1,330| 7 | A | San Andres 1,635 
344 of} 210 26 Queen, Per gs | P | 1425! 10 | N | San Andres 2,173 
35} 0} 1/0 30 San Andres, Per D | P | 2,012! 10 San Andres 2/150 
36, 34] 3/1 32 Seven Rivers, Per gs | P | 1,00 NC| San Andres 2,039 
37, O| 510 25 San Andres, Per D | P | 2,202] 15 | A | San Andres 2;371 
38 er 1) 0 Grayburg, Per D P 1,885} 10 | N | Grayburg 1,970 
39] 14] 0] 0 42 Strawn, Pen L | P | 5,725|100 | A | Bllenburger 7,143 
40| 0] 89| 0 290.7 | Grayburg, Per D | P | 2415/13 | A | San Andres 3,695 
41 1] 0|0 | 555] 271 23'0.7 | San Andres, Per 1 | 10-4) 1217 A | Ellenburger 7,010 
42) 554 | 42|-0 | 700| 521 30/1.6 | San Andres, Per p | P | 1,310/100 | A | Ellenburger 91114 
43 0; 110 33 San Andres, Per D P 4,918 A | San Andres 4'986 
44) 265 |315) 0 351.1 | Grayburg, Per DS | il 4,100| 42 A | Holt 5,500 
45| 937 7 361.9 | San Andres, Per DL | 10-15} 4,180] 65 | A | San Andres 4557 
46 22 0 37|1.2 | San Andres, Per D 4,000} 20 | MC} San Andres 4,518 
47 77 0 36 Grayburg, Per D A | San Andres 4,610 
48 3 0 311.0 | Clear Fork, Per L A | Clear Fork 5,200 
49 2 1 913 36|2.0 | San Andres, Per DL A | Clear Fork 6,499 
50 72 i! 35|2.6 | San Andres, Per D A | San Andres 4,002 
51 80 0 34/1.7 | Grayburg, Per DS A | Holt 5,500 
52 0 0 33/2.1 | San Andres, Per D A | Strawn-Bend 11,954 
53 0 0 26 San Angelo, Per D A | Tubb-Clear Fork | 7,686 
54 1 0 29|1.4 | Clear Fork, Per D A | Clear Fork 7,770 


415 wells shut in under transfer of allowable plan. 
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TABLE 1.—(Continued) 


DEVELOPMENTS IN WEST TEXAS OIL FIELDS DURING 1943 


Number of Oil 


ae 


and/or Gas 
Wells/ 


Oil Production Gas Production, 
Total, Bbl.¢ Millions Cu. Ft.3 
oD 
= 
County, Field a = 
$ g 
5 3\ 3 ToEnd | During | Q | ToEnd | During 
g Ale of 1943 1943 so | of 1943 1943 
5 S| A& s 
g §| £2 : 
4 ma] < Ay 
55 BSaminolent: nasu2 o< scala sella = 1937| 12,500 8,197,485} 2,840,039 |249 6,869.9 | 2,229.4 
56 Wasson Deep ais. . ys (eave ictatoiacs 1940 160 5782 i 249 3 A 11.9 
57 Wasson “72”. . es Senor S| 160 49,828 14,932 |249 1.5 5.6 
58] Gaines and Yoakum: ‘Wasson . etatars atatapsaaye 1936] 55,000}  54,948,527/12,386,516 (228 | 58, 160. 5 | 13,241.2 
Ol Garzas' Gargano. snes tem m seinora es ltersi 1935 200 8,990 7,014 |249 
60] Glasscock and Howard: Howard-Glasscock |1926| 13,500} 109,112,215} 4,831,906 (365 
61 1400-fo0t pay..z.. 0a. ost ose < acto de 1927| 3,000 
62 1800-L00b Pay: se mcacy cies ale<!siatara-' 1926) 3,000 
63 2200-fo0t pay .tice, coe eremenes ae 1929| 6,000 
64 2500-f00b DAY W<clp aes - ce ciatelets y= 1928) 2,000 
65 3000-006. pay. afactee sie eaneenee ce 1928} 4,000 
7,814 7,814 {129 
111,373 16,314 |3652 
2,552,569! 227,947 |365 
4,574 4,574 |193 2.3 2.3 
70| Howard and a itchell: latan-East Howard |1926| 7,300} 17,720,816] 1,331,158 |365 
WA oEetons TriOni..cx. saves ciohde tints etree tees 1929; 340 140,815 4 |365 
2) Kamble: Bolt 2,na0-0c cece: set see 1939 40 2,606 522 |249 
73| Loving: a 1937| 350 550,882 54,832 |312 47 
74 Wheat........ 1925] 4,060 9,207,885} 296,245 |249 
75| Lubbock: pee Depdaects 1941 40 5,015 1,467 |249 
76| Mitchell: Westbrook... Soar oe .|1921} 4,300 9,629,731} 224,044 /312 
LI Pecoss Abels steeceeee oecenen clases 1940) 4,000 1,886,896} 954,706 |230 1,020 
78 MoKee Sand..52 5.0 sceccccecees 1940] 2,845 (1,535,491| 765,158) 
79 Simpson Dolomite....... .. .|1943 40 
80 Waddell'Sandie. 3. cece cee: - 1941 500 (125,327 54,893)? 
81 Wilenburger:\, 6 /..cuskendewoe (219,803| 150,471)$ , 
82 Abell Pertmian-7055. <7 na. <ascesen 185,712 93,090 |218 55 
83 2300-foot pay 
84 3200-foot pay 
85 3350-foot pay 
86 3800-foot pay 
87 3900-foot pay 
88 Apco TODO: 5.2. d. an 20 cited trots 5 565 | 30 0.25 
89 Apco-Warner 584,100} 319,601 |249 305 
90 Chancellors cr no tc osranteeeeaes 39,464 23,371 |249 28 
91 Bromma ss ..55n ices 20s a brates 110,835 16,744 |249 
92 CIN OT A cdc ciecd hee ON ace Pele 17,039 11,087 |249 40 
93 peer and Pollard 70,093 21,646 (365 37 
94 453,286 71,338 |249 89 
95 1,019,993 46,482 /312 18 
96 12,674 12,674 |262 
97 408,849 20,442 (249 
98 Pecos Valley Low Gravity... 1928] 2,160 1,108,634 93,279 |249 
99 Richards wesc: the rahe +2 c os ersbiee bee 1929 160 30,703 532 |3652 
100 Shearer. . 1,368,408} 157,097 |249 113 
101 Taylor Link 8,248,663} 583,423 (365 24.5 
102 Toborg 7,881,103} 471,850 |284 4.5 
103 Walker 748,061] 341,857 |249 162 
104 Wentz REN ay erealale ra thie Sleos oR RB ee 46,162 22,496 |249 28 
105 White and Baker... ..........56.. 1935} 1,820 370,035} 117,885 |249 140 
106 White and Baker lime............. 1943} 300 1,859 1,859 | 88 
107 Wates. and. 2: #: int. en we aes 1933} — 700 544,194 38,646 |249 
108] Pecos and Ward: Payton............... 1937] 2,000 3,170,228] 297,623 |249 285 
109 Pecos Valley high gravity.......... 1928} 1,300 1,809,581] 144,920 |249 
110| Reagan: Barnhart... .........0.0cecees 1941! 5,000 357,075} 239,601 /|249 431 
111 Biglakeare cocoa coeds 1923} 3,300 365 
on eae PAY. vases theoenc ine 1923} 300 
EOUE DAT. niesaisye's, ces Heroes 1923} 3,000) } 70,803,664] 1,191,21 
114 4300-foot pay................. 1942] " 40 : : 


§ Production estimated. 


8 No production reported from the Bean, Carter, 


Grassroots, Melvin, Stinnett and Anthony fields. 


Rw 


wo 
RMN RN ORNORNWO 
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| Completed 
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4 TABLE 1.—(Continued) 


Reservoir 
: Wells Pro- ee 
4 ducing? Treats, ter of Producing Formation ase de < 
os Dee. 1943 Sq. we Oil! 
Z 
i Oil + 
ES Co 
So ed 
5 3 2a 4 | Name and Agei * = Sh! of « Name ‘ 
5] » |3 a |slselss 58 |S35) se] § ‘SF 
=) #12! .| 3 |Sgl dee ade eee sels 24 
» 3\ 2 |8/8| 2 | ES) s\sage & | 54 |Se8| Ex] 3 ae 
; ‘ 55} 298] 610 000} 1,917 35/1.8 | San Andres, Per D P 5,000} 90 A | Wolf Camp 9,312 
4 56 1} 0|0 : 32|1.4 | Clear Fork, Per D P 6,210 11,108 
— Se 2 9 1,594 alle he ered ao al D p To00 50 | AM 11108 
, 58) 1, 102} 0 | 1,800) 1, ; n Andres, Per : ’ 
i ' Ae: = : San Andres, Per DL P 2,800) 20 A | San Andres 2,940 
; , 1,280) 20 A | Ellenburger 10,906 
@ . iad o salo's Ley fers (2), Per 8 ar 1,650) 20 A Tienbetget 10,906 
63 0 |237| 0 30/1.6 | Grayburg (?), Per DL bs pe at A eco pareer i0.o0 
64 0 | 72/0 30/0.9 | San Andres, Per DL| P 400) 3 A a urger Mere 
; 0 |200| 0 27|3.4 |San Andres-Clear ra - 2,900} 20 | A | Ellenburger A 
© oi 1/| olo Gar Fork Per D | P | 2,450 A | Wichita (2) 4,220 
28|2.3 | Grayburg, P pL| Pp | 3197| 3 Grayheng 3,205 
8| {100 0 30|1.7 | San Angelo, Per DL| P | 2,650] 50 | A | Clear Fork 3,750 
mp8 € 27} | Clear Fork, Per D | P | 4,040 Clear Fork 4,096 
= $ 0 27/1.4 Fork, P. D | P | 2,450) 50 | A | Wichita (?) 4,220 
el 35 | Sanh Anas, Pee s | P | 1,370] 10 | ML| Wichita (2) 3,972 
ee ilo 7 Strawn, Pen s | P | 1,415] 10 | AF| Ellenburger 2,074 
| 3 3 . 0.1 | Delaware, P S$ | P | 3,930) 10 | T | Delaware 4,165 
al tant ante Stina (Den be s | p | 4200 7 | MC| Delaware 5,083 
ws} Ol ilo 28| "| Clear Fork, Per D| P | 4,870 Clear Fork 5,002 
76 0 oa : 23/3.9 | Clear Fork, Per D P 2,800} 50 | MC Fenaaytvanian Ut 
77| 78 ‘ h 
78| 62 0 0 2,485) 2,045 48 = McKee-Simpson, Ord 8 P 5.270 20 A 
x jimpson, , 
0 : 0| 3 | 2,726] 2,370 41 Waddell-Simpson, gs | P | 5,725] 10 | A 
a 6 i. 0 2,768} 2,669 41/4.4 | Ellenbugger, Ord D | Frac. | 5,800| 30 | AF 
= ie Pre-Cambri 5,745 
Bet bale (crcitiol | so lime tekakes Pel D | P| s2i0l as | A-|Ellnburger ns 
: f ; J 3,350) 20 | A | Ellenburger f 
85 0} 0} 0 | 1,848) 1,404 340.8 | Upper Clear Fork, Per D y; seenle ei prea 5748 
86 4| 2) 0 | 1,778) 1,565 350.4 ichita, Per D ' oae 
ae as lel Bogs RB | tel | A lous | iol 
eb ihe barges Ord D | Cav | 4,550) 20 | A | Pre-Cambrian | 4,526 
= ed or eee s | P | 5.075| 5 | H | Delaware 6,001 
He ohate bee : Guan Pe = SD] P | 1,412] 15 | A | San Andres 1,674 
He Sele. (peters, Ord pD| P | 5382 Blleaburger 5,665 
mae 872) 8 S San Andres, Per D!| P | 2037] 4 San Andres 2,550 
= 4 Pak oP Queen, P i s i 1,675} 10 A | Grayburg 1,995 
94 14 | 34) 0 4 See Ss P 1,200} 5 | M | Pre-Cambrian 4,526 
pas) 0) 24 9 adh aes be D | Fis | 3'542 A. | Ellenburger 4700 
es ee. |= ee ae s | P| 1'300| 15 | A | San Andres 2)550 
ol pit g AB atte leone oer g | Pp | 1500| 15 | A | Bllenburger 5,605 
Sa es] 4) 8 1) wa Pee § | P | 1'380/ 10 Gea thudas 4'360 
oa 5 33 9 35 bai ha Per § VY 1415 Mgr aah aa 
100 5 ; 25 A | San Andres ’ 
101) 25 |108} 0 | 700) 55 29|1.3 | Yates, Queen, San|D-S| P | 1,580 
Tobare Cre Ss P 400| 15 | AL| San Andres 1,400 
cere erty eh) P| ns Once P § | 20 | 1,950| 25 | A | San Andres 21136 
i Od Net 30-4 | Miehareer, Ord | D-S| P| 4300] 20 Pre-Cambrian | 4,493 
104 0] 2/0 |1,399] 956 33 Ellen unger, bat toon oy lok eaeaoOuwedl sett 
co eee 7 ee ll L | P | 1,704] 45 | A | Lower Ordovician| 9,811 
ee LO Seley OO). |. Ren kntren, $ | P | 900) 15 | AL| Bllenburger 9,114 
ae tele allt yee Per 5 P | 2,000} 40 | A | San Andres 3,200 
108} 14 116) 0 = cree g | P | 1'875| 15 | A | San Andres 2,253 
ol Ned 4 aa ee ees, Ord D | P | 9'000| 75 | A | Ellenburger 9'301 
110} 25 | 0/0 |3,915/3,900, | 44) — | Ellenburger, Bllenburger 91562 
TH) <> 7-)186).1 P gs | P | 2,375] 40 | A 
112, 0| 8/0 any 3 | Seetare Lp| P | 2960 60 | AD 
36|0.4 | San Andres, Per - : 
iid =5 Q Word, Per Soil. Pea |pai212 MC 
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TABLE 1.—(Continued) 
eee 


Oil Production Gas Production, ae ee 
Total, Bbl.c Millions Cu. Ft.3 Wells! 
oD 
mk 1943 
County, Field Te 
ey 3 | To End During | A | ToEnd | During | 2S | 
= Ale of 1943 1943 wo | of 1943 | 193 | BSB) Be | 
= oS Cry iS) 
Zz 3 | Ae 3 “veg | “Ee | 
é | 88 cs ge| eis 
s |e £ on | a 
Regan: Barnhart 
Big Lake 
115 Ordovician anprsake ct ehieter 1928} 1,300) 29,054,172} 469,508 25} 0] 0 
116 Graysonlay.k a etece a+ vretefaterineisisiere 1928} 320 677,490 31,087 |249 7 0; 1 
PUT Rummeles Beddo sejcrse cc aioe ei oise eleievarer= 1938 70 130,781 32,651 |365 i) OVAL 
118 Huddleston. 5 <ts-as Rese + fate «gated a 20 18,771 4,020 |249 ie f 
119 MeMillan) s.t.cc5.. ack +s «ctersaneeine 92 190 
1927/ 1980/1 960,336 2,267 |24o | { 1 aeae 
120 Wiinttens « 5, .tacrepe s sveta «bt ehepe ereier=s = 1943 80 6,482 6,482 {315 2 2| 0 
TZ lSchbcicher PIE... ncn eas oe ee 1934] 2,500 48,904; ~ 8,200 |249 7,344 3,038 6 0| 0 
122) Scurry: Sharon Ridge (deep)..........- 1938) 3,400 114) 8] 0 
123| Scurry and Mitchell: Sharon Ridge (shal- EE SN 
LOW) stcghcisleetcs ce ARE rocsie ih cake eae 1924! 3,800 72 I) 
1241 Tom: Greens Bunkke. Sys <-> saree ele ki 1940 20 1,083 372 |249 1 0} 0 
125 Upton: Herrmg ton. se. tein «15.0 eee - 1937; 100 91,641 6,565 [249 2} 0] 0 
126 Hhurdlern scranoe en asi donee bs 1936} 300 256,948 14,998 |3652 18 0; 0 
127 Webb: Rayase cs scars eer ees: 1935 160 71,009 2,791 |249 6 0; 0 
128) Warde Byrd jaaecceh oer b -omeees 1942 280 52,573 44,729 (249 48.5 34.4 7 2) 0 
129 Dobbs Sere Gacte cee cictecsc eee 1936 80 21,969 1,941 |3652 2} O| 0 
130 Bistesiiec cdizeinsoe Oo Mek aver eae crsietates 1936} 4,500! 15,619,397) 1,454,890 |267 48,576 7,186 368 1) 5 
131 Magnolia Sealy. .\.s2.0sec. see -= op 1938 830 1,215,568) 205,354 |249 55 0); 0 
122 Magnolia Sealy South............. 1940} 1,020 506,284; 250,109 {249 248 130 20 1 Ba 
133)7> WMonahans7)... 2...diosia tae 1942 160 124,490 66,690 (344 146.1 92.3 1 0} 0 
134 Monahans Permian | 16,579 10,749 |230 14.2 8.4 1 0} 0 
135 onroe eis | 80 85,331 5,769 (365 2} 0} 0 
136 North Ward. 27,229,685|@,265,190 (244 | 97,809 7,695 425 1) 0 
137 Pruittimieenmtcte dea see se 40 2,980 1,428 |249 1 0} 0 
138 Pyote.... 48,271 25,900 |249 3.4 1.8 2) - 10) 76 
139 Shipley? 6,139,713) 476,644 |246 221.4 146} 7 10 
140 Shipley Silurian.................../1940} 400 44,976 6,935 |249 632 85.4 2} 0} 0 
141 Boush Warde. 5 as cere eeae 1930) 10,500; 28,005,116} 866,289 |249 701 0) 26 
Lealar tepetee { i941) 400) "126,387| 76,957 [240 | 188.5 | 37.6 | 10} Of 
ute eS ae 1943 40 1,810 1,810 |153 0.4 0.4 1 1} 0 
143 Witnklers BAWes ccc wcts<s cise ete kere 1936; 320 904,703} 200,030 (249 130 10} 3) 0 
144 EXPER OR anche ofcwoeocke tele 1935} 1,600 2,883,199) 420,412 /|290 2,477 86 8) 1 
145 Mimporon Deena cn ne ceaetenetee 1940, 2,000 1,017,101; 112,275 |249 190 49 1; 4 | 
146 Halley....... Sct Oe ae cemeRlea te ee 1934; 800 1,041,491 81,499 249 242 30 ht 
147 Halley Wxtension. .........- 0.0: <- 1943 40 3,086 3,086 | 76 3.2 3.2 i 1} 0 
T4elo% Mondera sc cdte ase eae 1933] 1,650| 7,941,160] 1,617,206 |249 | 4,731 682 143] 0] 3 | 
1401 f > (Hondvick,...\..2...20c+ das nenes 1926) 12,200 206;418,809| 210721946 [365 425] 0] 30 
150 erm t vet. oie eae peat de 1928 15,240) 30,970,542) 1,274,207 {333 | 93,828 7,132 848 0) 2 
151| | Kermit Ellenburger............... 1943] 160 55,359| 55,359 |250 97.7 97.7 Li ete 
152 Keystone Colby Sand............. 1930) 8,080 6,433,612) 1,220,019 [249 274) 10) 0 
153} Keystone Lime................... 1935] 9,500} 4,731,396| '478,150 [244 | 55,868 | 4,176 105] 1] 0 
154 Keystone Ellenburger............. 1943} 160 41,028 41,028 /210 81.2 81.2 ty) a 78 
155 Keystone: Holt. <0 ss gnc seme 1943} 160 3,607 3,607 | 43 3.3 3.3 Ly adi 
156] Lock..........esccceeceesees sees {1927} 960] 4,048,311] 142991 (365 9} 0] 0 
157|  Scharborough..................... 1927| 2,000] 7,467,400] 436,886 |249 1,498 138} 0| 0 
ISG) a! Walter cen <p voms oy tan ieee: 1941] 2,000 353,573, 270,416 (249 264 38| 15] 0 
159 Wheeler Ellenburger...............|1943} 160 40,587| 40,587 |175 56.5 56.5 J} 28 
160 Koakums Ownbys cc. cu: -.2ucecnee cee 560 123,651 52,898 |249 99 53.6 10; 4) 0 
161 Waples Platter we 600 96,754 32,992 |249 7) 30 
POMS Wesbsrucnct svc. tae lees ss 40 49,869] 7,280 |249 1} ol o 
7 Includes Nichols field. ; 
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4 Sa. In. ity 
: P 
A Oil roducing Formation 
; < 
3 me E Deepest VA 
3 > = toE one Tested 
; 3 = E =; nd of 1943 
ra = 3 a = 
€ f 3 Es j 
% oy = S as 3 > z ¥ 
a S| 2 3 2 ed (Stes Sip i Name and Agei a 
_. <2|5 7” we| 8 S|a° 2 mae | HERE 
Pe ee 1 a SiS By | ca os ~ See Az 
Be 115 27| 8/6412" S| 58 aa ae 
11 6 8 ea ae 2 3 pe |=3s pas 
ti? o| 5 : 3,600 a = Fic ae | Be] 8 Name 
a o& ~ é | 
S118 0| 5/0 4410.1 |B & | oe aos ef) = ae 
BEE S05] rata ho APS EF 8 ae 
E : é : 
c 120 1 0 Q \ 39 “a4 urg, Per an Pp 8.20 ieee BS 
wy 0 2 Palo Pin P 200 
my 121 ? 41 G to, Pen 5 P 3,063| 14 A 
> i22} 15 | ooo 42 aes L_ 2,306] 22 D | Strawn 
m 99) 0 1,100} | Avis or King S * | gerolyen |S 9,969 
( ~ 123 | 38/0 aoe ing Sand, S if 3 bet \ 12 Palo Pinto 
se 125 0| 10 a. lee ingelo, Clear wey} | 8409 lleabureer 
Y 126 0 2,0 n Andres, Pi Ss %) 2'250 65 AIE 4,735 
ae tt at on S eres DL A llenburger 
mo 128 0 2\0 ; 24) Andres, P P 1,650 Wichita 7,011 
~ 129 6| lo | 27 maria & er -~ ee ar 
et rue Nae 1,435) 1 25 Grayb r ae let olfcam 
: 191 |13 0 235) 30 andere) Per Te ae 123] 4 p x 
isi) 1 4} 2 |1 [| 3011.6 1¥ yburg, Per TE se MCI Cle 524 
: i 18 ale ts |W | HH aoe ad DL P 2,050) 20 A sie 1: 
133] “| 0} 0 | 900] saa0 | | EAS er =B| b | zum is A ower Beem ne 
376 5 , Per x + A 
mm 134 i 4°700) 4.650) 28 i Per S&D B nn 16 x San Andres n 2089 
x! 135 o}o }2 | 47/0.2 Ellent Rivers, P S&D 2/450) 40 Geax n 176 
me i ae 340) 2,340 sth llenburger, Ord. eect ie A Gesbare (2 2,885 
a o : D 8 ; ; 
fi at 0 1 1,400 G 29 A Tubb-Clear F Cav ore 15 a poe Rivers 3,274 
= 139 2 010 : 3611.8 Delaware, P ork, Per D Frac. ‘A Oa 3.175 
: 8 |123) 5 1,430) 1,430 5 — thay? S P | 5,631| 20 enburger 3277 
140 ° 4 1.8 ec Pe DS : 4665) 5 A | Bllenbu 0,545 
141) 113 00 |3 518 |S k Per gs | Pp 21500) 40- Talc iA 
E142 = 446) 6 3,281) 3,076) a Eovers-On D| 8 4,831 ML| San Andr 0,545 
wl 0/0 1480 13 | 52113 Silurian, Si a gt et ie ere n Delaware 11893 
‘ 0 edie Se 65 . Se ., ,480- 60 apit re 
5 960 28 ven 3 an 869 
; hash oe 131 0 960, | 30(1-6 Canian, i lade bes cet ier Ellenburger 3100 
= 147 5 | 22) 2 33 ane, Per sp| P 2'996| 20 ML| Wichita (2) “4 
4 148} 1 0] 110 1,235 | aac Per $SD| P 2,765| 8 A | Capita (2) heey 
Z a 36 Ae 0 | 1,450) 1,2 ds Yates 5 Per yen 18.8 oe 20 A Capitan ae 
q 1 | to)" White Hor 8.8 | 2700) 65 vitan | 2 
i 128 |664 22 1,720 30.1.1 te Horse, P. S-SD 2.785] 2 OS vers ,000 
2 : lorse, , 0 an Andr 3175 
m= 151 1,450 2811.5 Seven River: er DS P 2730 AG | Se res : 
Z 1 G-| 35/1. Seven Ri s, Per P 7 Bh eA ven River 3,480 
ia} asa | alt | G51 | Yao, Por op | b | $025] a0 | 4 Sen Andes | 3.885 
oo PO Gel a 43 | Elle RN ep A | Graybare (2 e886 
155 1} 00 973 36 G nburger, Ord 2,825| 40 Ae ant ns (2) ane 
= ee GH 4,252) 4,252 36)0.8 Grayburg, Per 2, | Pee. |1940 pe rmeamet as 
157; 58 0 -1 | Ell Per P 460/245 | A 3414 
1 67 39 coburn, Omi DS 15 a 
is 33 | 4 28'1.6 sac Per D a 200 A eee ays 
180}, 10 a ree Y 5-0 ee eae Per & rac. | 9,217 al ime Bllenburger 10,774 
1 i 7 » ter i ( 
ye | | : 1,638} 1 cb 4510.14 vem Per $-D 2 000 Ald wa, : 855 
oh ae 1241 cf idl aegis Ord Fe Re 0 A r For 9,055 
32'0.1 | San Andres, Pe L Pp 3,025) 40 A | Graybur eS 3780 
ai) eihiee ar r D 10,493 a RAN g (2) ri 
San Andr , Per D P 5123, 55 AIE ndres \565 
es, Per P YY 5) 27 | A llenburger 3,896 
BD | P | sss 10 7 meyers 10,697 
168} 10 | MC — Usideen 5.700 
2 Andres 5,380 
5,255 
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TABLE 2.—Summary of Drilling Operations in West Texas 


Important Wildcats Drilled in 1943 


DEVELOPMENTS IN WEST TEXAS OIL FIELDS DURING 1943 


Location 
Total Deepest 
County Depth, oe . Horsia 
Sec. | Block Survey re Lesa 
1} Andrews 12 A-32 | P.S.L 7,381 Tertiary to Recent| Lower Clear Fork-Per 
2) Andrews... 8 A-34 | P.S.L. 10,596 Tertiary to Recent| Strawn Bend-Pen 
3] Andrews 20 A-38 | P.S.L ate Tertiary to Recent | Wolfcamp-Per 
4| Andrews.......... 000000008 16 13. | Univ m7 PB. | Tertiary to Recent | Lower Clear Fork-Per 
SIVANdrows sanettes acento eter 28 9 | Univ 5,550 P.B. | Tertiary to Recent | Lower Clear Fork-Per - 
Gi Andreweeso..08 ostchesten 28 1 | Univ. 8,437 Tertiary to Recent | Clear Fork-Per 
Wi AMIGTE WEL. 2, josie eet pieiereas 37 40 fe . N.G. & M.M.B. py ays Tertiary to Recent | Grayburg-Per 
: 70: 
SiAndrews) eam aes ence te 19 A-31 | P.S.L. 459 Tertiary to Recent| Lower Clear Fork-Per 
Ol Cochran\. ftanace Watton Lab. 2 | Lge. 59 | Martin Co. Schl. Lds. oe Tertiary to Recent} San Andres-Per 
10)‘ Cranes... Fates ince 2 13-28 | P.S.L. 3,883 P.B. | Tertiary to Recent | Ellenburger-Ord 
Th (Crockett 2256 oe son eeu ate 12 “Q" | John Small 2;402 P.B. | Cretaceous San Andres-Per 
LZ Orockettin stro captaay.f. «caste 16 “YZ'’ | E.L. & R.R.R.R. 7,903 Cretaceous Ellenburger-Ord 
1S "Grockett:. veel see wns Lge. 3 | Archer Co. Schl. Lds. ce oa Cretaceous Saar Andree Bee 
9,312 
Al Gaines: vaca are ven otek 196 “q” | W.T.R.R. 5,267 P.B.| Tertiary to Recent| Wolfeamp-Per 
15) Gaines oe oo: Bata. seine 92 SG) Wit RR: 6,070 Tertiary to Recent| San Andres-Per 
i See PR ne ean. 458 poe C.C.8.D. & R.G.N.G. | 7,772 Tertiary to Recent} Lower Clear Fork-Per 
" ee Sc een. Foe 5 H D.& W. 11,954 Tertiary to Recent} Strawn Bend-Pen 
RINGS aps eae seen Lab. 5 | Lge. 317 | Parmer Co. Schl. Lds. ped Tertiary to Recent| Clear Fork-Per 
000 
TOW Hockley sents -aaeiee th: ea 21 “A” | R. H. Thompson 5,980 PB. | Tertiary t Lo = . 
20| Howard): ai..2: steers ait eee 57 20 | Lavaca Navigation Co. 4096 Tyieecie aes Cc porto a 
Dil Martin. ) sou aie ale: M. 1 39 is 4 .G. & M.M.B.| 7,536 Tertiary to Recent} Clear Fork-Per 
; 4,565 
32 Peeos, c.s Ae ee 24 140 |T.&St.L. 4,220 P.B. | Rece: i 
23| Pecogas seen eee eee 44 (2 «77? | TORR. i pare sate fae Annies Pos 
24'Pécosenstel ot hee sek 15 20 | Univ. 1,369 Cretaceous White Horse-Per 
25 || Pecos eens eee ee 76 10 | H. & GN. 1,661 Recent White Horse-Per 
= pens Seth Se ne le BS oe 16 142 |T. &St.L. ; Cretaceous Delaware-Per 
COS Creer fc ey eee icde Ae 29 SL eEcC oe Recent Ellenburger-Ord 
2B IPECos, 1, eee ae 96 10 |H& GN. 3,546 P.B. | Recent Clear Fork-Per 
29) Poods «suse eRe otek 101 11 |H.&G.N. 407 
30) Pecos. cutee eta. 2. 9 194 |G.C.& SF. tt hea sere Si aka 
31) Reagaf, 0000... .0s2 oso. 13 1 |T.&P 9, aacuns ee pareer Ord 
: : eae Cretaceous Ellenburger-Ord 
321 "Runnalss:..ceoeecote eo ockes 330 64 | F.J. Ford 2,520 P.B.| Permian Ellenburger-Ord 
33] Schleicher 75 nl at ie Ps 7,021 Cretaceous Ellenburger-Ord 
SA SCUITY eerie wane enrdee eeiae rae 258 97 |T.&T.CRR 8,33 
35 Sterling Sean iae FR 8 | 30 |W. & NW. 0.587 roe tas Ellecboreee Ord 
3i|pieling. chick oo | ee att Tee one) |Geenee | aera 
38) (Buttons: Seen 2 | “K” IGH&SA 3,761 ewes aS 
SO) Upton: 0 Moret e,5 5 G.C.& SF. 8,358 Greta Sadek 
Sore etaceous Ellenburger-Ord 
A0| Winkler..; (eur goes eve: ee Bee Pay ‘655 
ins SL. 9,655 Recent 
aie ee : + ah te win Ellenburger-Ord 
oN Cer RE SL. ip P.B.| Recent Ellenburger-Ord 
4a} Winkler... te gee... oh © ¢ Bae | Pas : 
4B) Winkler. 1 | 46 |TiS.T.&P 10607 | Rent erat 
ioklen, 00 mecca 19 | Bal | PSL Riot) eh Races reg sine as 
AEN Yeats os secu eenaten 315 | “D” | J. H. Gibson 600 inoceat loeee ee ed 
d6t Voukwayecd pce 340 | “D” | J. H. Gibson 7. - Lower User TS a 
aT Weeki tones, eae 748 | “D"™~| J. H. Gibson yoo =| pememt LO Ee ee 
we 1995 Recent Upper Clear Fork-Per 


i a 
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TABLE 2.—(Continued) 
it Important Wildcats Drilled in 1943 
7 Initial Production Faget 
; per Day Choke or Sa. eA 
: : a a ——— 
3 Drilled by Se Fractions Remarks 
i; Oil, U.S. liot - | ofan | Cas-| Tub- 
Bbl. C. Inch ing | ing 
- Ft. 
- 11 C..U. ae 850 0.978 34 Discovery East Fullerton fieid 
2) Humble Oil & Ref. Co. Dry and abandoned 
y 3} Magnolia Petr. Corp. 4 Dry. Temp. abandoned 
a 4| Mid-Continent Petr. Corp. 179 0.116 Me 825 | 450 | Extension Fullerton field 
+ ~ 5| Skelly Oil Co. noe 180 fluid 244(+bg.) Discovery Clabberhill field 
a ou 
6 Skelly Oil Co. Dry and abandoned 
7| Texas Co. rir a in 2(+bg.) Discovery Mabee field 
f 8} Union Oil Co. ot Calit. ~ 460 0.12 4064 Discovery Union field 
- 9) Sunray Oil Co. 229 + 2% 0.149 Extension Slaughter field 
10] Gulf Oil Corp. Pump 18 fluid | 0.01 | 2(-+be.) Discovery Sand Hills West field 
r) 
11} Moore Bros. Fre fluid Discovery Shannon field 
< 45 ol 
12} Moore Bros. Dry and abandoned 
_ 13) Turner & Phillips 10.0 Discovery Turner gas field 
14) Amerada Petr. Corp. 453 0.483 sea = Mido 
15] Gulf Oil Corp. ry and abandon 
s 16| Shell Oil Co. Pump 213 small’| 2(+bg.) Discovery Russell field 
_~ 17| Stanolind Oil & Gas Co. D. & A. Cedar Lake field 
: 18) Texas Co. Junked and abandoned 
Woodley Petr. Corp. Pump 161 Discovery Smyer field 
20| W. S. Guthrie & Cosden Petr. Corp. Pump 162 0.081 Discovery Vincent field 
Mid-Continent Petr. Corp. Dry and abandoned 
-Prichard Oil Corp. Gas Well. Shut In ; 
Cn Oi Co. Sy 4 44 fluid 40 oil | 0.016/open tbg. ae pics scotia lime field 
i Cherry Pump 1 jiscovery le Creek fie! 
Bins 58 . 0.039 Discovery Apco 1600-ft. field 
E. Russell Lloyd 
i Corp. Dry and abandoned 
Meee Poe, Corp. Dry and abandoned 
i oil plus Gate valve Discovery Masterson 3500-ft. field 
Magnolia Petr. Corp. 83 oil pl 
197 water : 
Bryce McCandless 65 in 3 br. Ya Discovery McCandless field 
Standard Oil Co. of Texas i Dry nae end 
Humble Oil & Ref. Co. Dry and al on 
32| Pawnee Royalty Co. Pump 91 oil Discovery Winters field 
plus 140 water 
33| Geo. P. Livermore & E. N. Wahlen- 
i Dry and abandoned 
34 Humble Oil & Ref. Co. Dry and abandoned 
xc Pik Dry and abandoned 
ee es ae eee Dry and abandoned 
Bo) Ube Oe Ce. Dry and abandoned 
37| Phillips Petr. Co. 46h resale } 
3 ae Co. 398 0.689 Discovery McCamey Silurian field 
40| Amon G, Carter 6,790 10.64 34 Discovery Keystone Ellenburger field 
41| Magnolia Petr. Corp. ack oil plus | 1.025 Y Discovery Kermit Ellenburger field 
12 water A 
i 3 Discovery Keystone Holt field 
42) Richardson & Bass 1 a ae aoe Teeavecy Wheeler Ellenburger field 
rn Lear a et 164 0.172 34 Discovery ceria Beas field 
¥ 71 % Dry and abandon 
rn Parnell Rel Co. Dey and He 
fumble . Co. 
47, Hugh M. Stoddard Trustee Dry and abandon 
Liat ne a ge ee ee Tn Proven Fiel Wildcats 
<= 290 71 
Number of wells drilling Dec. 31, 1943......--.-------- +05 at a 


Number of oil wells completed during 1943 
Raiabor of wells completed during 1943 
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cessful well completion. A control of mud 
characteristics is required, first, to reduce 
water filtration from the mud to porous 
zones, as this permits the building of thick 
mud cake and causes “tight hole,” with 


TABLE 3.—Number of Completed Wells 


CCAS cay oatetpenueverd taaeanise cane cteree IO4I | 1942 |\1043 
Field wells: 
Oil. 1,052 732 
[SCA Geer seebee nen aie 69 5 
Diry sizes eta ee 10 59 
otalis. Muy tee pore ees 2,190 | 1,131 796 
Wildcat wells: 
Oils 25 36 23 
Gas iooarsier tusemee cen I 3 
Dry 99 80 
Otal5). 135 136 106 
Total wells drilled: 

BLISS oars 2 ae 1,088 755 
Gast II 8 
DE ye anaes eRe 168 139 

Lotalls A eae eee 2,325 | 1,267 902 

Wildcat percentage of total 
number of wells drilled... .. 5.8 } 10,7 | 25.7 


danger of stuck drill pipe or casing, and 
second, to combat caving shale, which 
causes hole ‘‘fill up” during round trips and 
hole. enlargement, with reduction in an- 
nular fluid velocities. In general, the 
cheapest and most efficient control consists 
in cementing sufficient casing to exclude 
the salt section and to permit the use of 
9.5 to 10 lb. per gallon fresh-water mud 
consisting of bentonite and barite. Where 
necessary, small amounts of caustic, 
quebracho and starch may be added to the 
mud to give a satisfactory viscosity, gela- 
tion, and a very low water loss. The con- 
trol of salt-water mud consists in the use of 
a Florida clay to provide viscosity and the 
use of starch to reduce water loss. 


DIFFICULTIES IN DRILLING 


Drilling in the Deep Devonian chert sec- 
tion has proved to be slow and costly. 
Where the drilling is particularly hard, a 
rock bit may cut less than a foot of chert. 
One company is experimenting with a 
diamond-studded core bit. In the first 
design, difficulty is encountered in retain- 
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ing the diamonds on the bit. As yet no one 
has determined the feasibility of deep cable- 
tool drilling in the chert section. 

One drilling contractor is experimenting 
with threaded and coupled drill pipe to 


TABLE 4.—Distribution of Wildcat Oil Wells 


Year fetiste nico apt eaeeemeanetete I94I | 1942 | 1943 
New field discoveries....... are 16 I2 
New productive horizons in 

old fields? 334. eee iz 7 
Extensions to established fields 17 4 
Total-or*wellsty can cease tore 36 23 
Total wildcat wells........... 136 106 
Percentage wildcat wells com- 

pleted as oil wells.......... 20.0 | 26.50)" 2i—u 


determine the relative merits of long 
inexpensive couplings as compared to the 


more costly conventional tool joints. In | 


instances where operators have elected to | 
set casing above the pay, coring with — 


reverse circulation has greatly increased 
the percentage of core recovery. 

One operator reported the economic 
justification and mechanical success of a 
dual completion that was made in antici- 
pation that oil from the lower formation 
will continue to flow while that from the 
upper formation is produced by pumping. 
In some fields, sulphur constituents of the 
upper oil formation has caused serious cor- 
rosion of casing. 


PRORATION 


The trend in proration continues to- 
ward reduction of the limits of unpenalized 
gas-oil ratio to a common base of 2000 cu. 
ft. per barrel. Through increased cooper- 
ation of the operators, there is a gradual 
improvement in bringing about these lower 
limits and generally conserving reservoir 
energy. During the period of low producing 
rates, few reservoir data were obtained in 
regard to maximum efficient producing 
rates. In some instances, this led to over- 
optimistic expression of opinion relative to 


the availability of proved reserves. In order 


to stimulate wildcat drilling and in some 
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measure compensate the successful wild- 
catter in proportion to his drilling costs, 
the Railroad Commission of Texas has 
ordered that new productive horizons in 
old fields, new extensions to old fields, and 
new discoveries be granted a relatively high 
daily allowable graduated in accordance 
with well depth. 

The “Production Unit Plan,” under 
which operators are permitted to shut in 
-wells of higher gas-oil ratio and transfer 
the allowable to wells of lower gas-oil ratio, 
has continued in effect in those fields pre- 


_ viously reported. With depletion and 


a ee 


a 


PR eee een” Se. Sk 


< 


er 


increased allowables, the utility of the 
“Production Unit Plan” is restricted to 


pools in which the majority of wells are 


considerably prorated. In some instances, 
gas-oil ratios can be controlled by pro- 
gressively reducing production rates. More 


‘uniform distribution of production and 


higher over-all efficient pool production 
may be obtained by permitting the transfer 
of the part of the allowable of a high gas-oil 
ratio well that is lost by reducing the pro- 
ducing rate. 


CONSERVATION 


Unless applicable secondary recovery 
methods are found, there will be an in- 
creasingly large number of wells abandoned 
in gas-drive fields during the next few years. 
The experimental injection of untreated 
water into depleted oil wells on 1o-acre 
spacing in the Estes and Kermit fields has 
not advanced sufficiently to determine the 
economic application of water-flooding on a 
field-wide basis. Whereas considerable pres- 
sure is required in the Estes field to inject 
soo bbl. of water per well per day, one well 
in the Kermit field will take more than 
tooo bbl. per day under gravity. 

The growing concern in regard to the 
availability of developed oil reserves to 
meet the nation’s requirements for petro- 
leum products has led to a new realization 
of the importance of both oil and gas con- 


servation. As a consequence, the injection 
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of gas for pressure maintenance in many 
reservoirs is receiving serious consideration. 
Engineering committees are studying the 
economic and reservoir factors involved in 
the field-wide application of pressure main- 
tenance to the Colby, Slaughter, and Gold- 
smith fields. Since there are other large 
fields with similar reservoir characteristics, 
the conclusions reached may have far- 
reaching application. One of the interesting 
problems connected with these studies is 
the determination of the extent that ex- 
perience gained from sand reservoirs may 
prove applicable to limestone and dolomite 
reservoirs. After three years experience in 
the North Ward field, one operator feels 
assured that pressure maintenance there 
is effective in substantially increasing ulti- 
mate oil recovery and is economically 
sound. The magnitude of the increased 
ultimate recovery has not been fully 
evaluated. 


ELeEctric Pinot 


The growing use of the electric pilot for 
obtaining permeability profiles is very 
timely and applicable to this area. From 
these profiles, it is becoming apparent that 
one of the common characteristics of non- 
cavernous dolomitic lime formations is the 
occurrence of definite zones of better perme- 
ability within the gross pay section. When 


TABLE 5.—Production of Crude in West 


Texas* 
Reported Runs to 
1943 Production,| Pipe Line, 
Bbl. Bbl. 

January... 6,265,210 6,261,269 
February. . 6,050,138 5,975,350 
Marcel... 6,714,038 6,642,671 
Acti serait 6,518,287 6,500,641 
May asst 7,109,910 7,100,682 
Fase a) sees 6,967,944 | 6,941,337 
PAL J claw neo 7,664,833 7,870,186 
August.... 8,102,477 8,018,418 
September. 10,066,374 | 9,867,935 
October... 11,175,900 | 10,926,557 
November. 10,582,751 | 10,534,153 
December.. 10,946,950 | 10,065,373 
of Wa) 2 | CO Ee Ie STOR 98,164,812 | 97,604,572 


«Compiled from Railroad Commission of Texas 
monthly crude-cil reports, 
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TABLE 6.—Distribution Field Well Development—1943 


DEVELOPMENTS IN WEST TEXAS OIL FIELDS DURING 1943 


sem | Da | Bees | als | asad ra 
; er O an er oO ells ecom- 
County Field Oil | Aban-| Gas | Drilled | J*™*ed) pictea | Tot! | Boothes 
Wells | doned | Wells | Deeper 
Andrews..... Deeprock 2 2 8,868 
Embar 13 13 104,185 
Embar Permian 8 I 9 eres 
Emma 2 2 ,551 
Fullerton 18 I I 20 138,014 | 
Fuhrman I I 4,473 | 
Mascho 32 I a 34 159,845 _ 
Means 3 I 4 14,462 
North Cowden 3 3 14,072 
West Andrews oR AL ! 2 8,937 
West Fuhrman 12 (Combined with Mascho field 6-1-43) 13 59,841 
Total 95 4 I 2 I 103 583,298 
‘Cochran. 3. Dean 5 5 25,207 
Slaughter 104 I I 106 527,859 | 
Total 109 I I Ill 553,156 
Cokesacirn Blackwell I I 3,748 
Cranes.c ae Dune I I 3,201 
McElroy I I 2 3,075 
McKee I I 2 13,325 
Sand Hills Permian 16 16 75,037" 
Total 19 I I 7M 95,538 
Crockett. .... Clara Couch 2 I I 4 8,470 
Crockett I I 1,607 
Olson 2 I = 6,464 
Noelke 7 2 2 I I 13 18,204 
World II ra: 28,779 
Total 23 3 3 I 2 2 i 
EECUOR Narererancts Foster 8 38 > on 
5 34,043 
Goldsmith I5 I5 63,520 
North Cowden 28 I I 30 137,033 
North Goldsmith I I 6.499 
Penwell I I 2 71324 
South Cowden 6 6 27.212 
Total 58 2 Zz 
Gaines. ....%. Cedar Lake 3 : = er 
Russell I I 8.053 
Seminole 9 9 47,268 ; 
Wasson 15 4 19 05,150 
Total 28 
Glasscock... .]| Howard-Glasscock I ‘i I ae ae ean 
Hockley..... Slaughter 162 I 163 sintae 
Howard..... Howard-Glasscock 4 I I 6 0. _ 
latan-East Howard 12 2 z I5 Sasa 
Vincent I 7 4 aaa om 
Total 16 . | 
Lubbock.....| Stinnett - : ; “cs Se ; 
Mitchell..... Westbrook ¥2 rr I gee! 
Pecos auiunn cr Abell 5 2 - ; 41,203 
Abell Permian 2 5 41,018 | | 
Apco- Warner 17 3 I a 4,050 | 
Heiner I 7 x 99,2905 | 
Lehn 4 I 5 5,506 
Taylor Link 13 8 3 s 8,890 
Toborg 7 2 22 34,335 
Walker 12 2 5 4,277 
White & Baker It ae | 
Total 2 . 
Reagan,,..... Barnhart . oh : 2 92 247,516 
Big Lake 2 i sie 
> | ee | oe 1202 
Total 14 3 |=" a a > 
Scurry......- Sharon Ridge 9 : 4 TT 151,432 
Tom Green, .} Funk I are aa 23,284 — 
TErryioe icant Slaughter 4 I L,17500 | 
mare McCamey 8 4 20,170 
25 20,928 


1 Air well. 


a De i. 


Oe eee ee a en ae ee Sage RTE 
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TABLE 6.—(Continued) 


ee FSD ce i a al im EE 


Z ee aey lege Oil Total 
ount i eo ani er of | W: - Paoee 
y Field Oil Ahan G be D ae Junked Se Total | Footage 
Wells | doned | Wells | Deeper Drilled 
IPLECL «het cei</e. + Byrd 2 I : 
Estes I 6 : 31098 
Magnolia Sealy-South I I eee 
North Ward I I peas 
Nichols I pune 
Payton I : pe 
Pyote I : de 
kk P 3 259? 
ig Tavity I 
Shipley 7 : ayaa 
Spencer 3 I i eS 
South Ward 22 ‘ I mee 
Total I 6 
Winkler. .... Eaves z 2 a ode 
3 9,555 
Emperor 8 8 22,908 
~ 982 
Emperor- Deep I I 2,005 
ey I : 
Henderson I : eth 
1 3,179 
penance 13 I 666 
ermit 2 
Keystone Colby Sand ba) I 2 i 36 oT 
Keystone Lime I I 3.443 
Weiner 15 2 E7 54,150 
Total 39 
Yoakum..... Wasson 40 i : a aad res 
ts 5 Platter 2 2 10,503 
wnby 4 4 21,602 
Total 46 4 50 281 
Total Field Wells 732 59 5 39 6 2 843 | 3, bosion 5 
Total Wildcat Wells 23 80 3 106 551,404 
Total Drilled Wells 755 139 8 39 6 2 949 | 4,147,319 


a a ee eee ee 
2 Dry and abandoned. 


3 Dry hole. 


used in conjunction with a bottom-hole 
pressure bomb, this instrument gives an 
indication of the relative permeability of 
the various zones open to the well bore. 
With continued research to improve the 
electric-pilot equipment and with a better 
understanding of its application and limi- 
tations, the electric pilot should become a 
valuable tool for use in studying limestone 
reservoirs. 

West Texas produced 98,000,000 bbl. of 
crude during 1943. Table 5 shows a pro- 
duction increase of 84.5 per cent from a 
February low of 6,050,000 to an October 
high of 11,176,000 barrels. 


Pree LINES 


With the increase in production, pipe 
lines were operated at capacity. To afford 
an outlet for 60,000 to 65,000 bbl. per day, 
_ the Humble Pipe Line Co. reopened its line 


to Ingleside, Texas. From January to 
August, the Humble ran 1,170,000 bbl. of 
oil to storage, and this was withdrawn from 
storage by December. 

In September 1942, the Phillips Petro- 
leum Co. placed in operation 55 miles of 
6-in. and 231 miles of 8-in. line, connecting 
the McElroy field with Borger, Texas. 
During 1943, this line handled 866,485 bbl. 
of products gathered from Phillips gasoline 
plants in the McElroy, Penwell, Goldsmith 
and Hobbs fields. 

In November 1943, the Atlantic Pipe 
Line Co. completed the construction at 
Midland, Texas, of a double-track loading 
rack with a capacity of 77 tank cars. With 
maximum employment of this loading 
rack, 300 cars may be loaded with 60,000 
bbl. of crude per day. During 1943, the 
company shipped 4361 carloads of crude 
oil to eastern markets. 


DEVELOPMENTS IN WEST TEXAS OIL FIELDS DURING 1943 
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During the year, construction was started 
by the Stanolind Pipe Line Co. on 365 
miles of 16-in. pipe line for crude oil from 
the Slaughter field to Drumright, Okla- 


homa. With the addition of seven pump 


stations, the estimated capacity of this line 
may be increased from 65,000 to 116,000 
bbl. per day. 

The Magnolia Pipe Line Co. started con- 
struction on 333 miles of r2-in. line from 
By the 
addition of three pump stations, the esti- 
mated capacity of this line may be in- 


TABLE 8.—Distribution of Wildcat 
Development, 1943 


See Dry | Num- Total 
erof|; and ber of 
7 On aban. | Gas’ | TO! [Footage 
Wells | doned | Wells | Son 
) 
Andrews 5 6 | xx 74,874 
Borden..... 2 fh  i2 4,518 
| / = 
Cochran I 2 3 15,408 
tae ae ee I ¥ || X,85r 
WANG. 2 %..5 << I 2 3 16,583 
Crockett I 6 I 8° |) 25,219 
Crosby. <.<..- I I 3,515 
Dawson..... I I 5,512 
ECUOF. -)-.«'s' - 2 2 9,631 
Gaines...... I 4 5 | 43,205 
Garza... ..<. « I I 3,924 
Hockley..... I 4 5 30,525 
ag Ceeer I I } 2 7,038 
ei ee I } I 2,527 
Lubbock 2 i 2.) x1, 242 
Martin: <.<... 2 2 12,738 
Mitchell 43 3 7,118 
oo 5 17 I 23 99,562 
Speen iss % I I 9,995 
CEVES <0 ve = + I I 5,008 
Runnels..... I I 4,735 
Schleicher I I 7,021 
SCUTY. --- +: 3 3 16,349 
Sterling. .... 5 50-32, 779 
Sutton...... I I 2 8,197 
ELV cs + > - I I 5,553 
Tom Green 2 2 6,384 
Mee et = I I ye 
ATie rd warehe 2 2 ,130 
Winkler..... 5 5 30,775 
Yoakum.... 5 2 35,281 
| i 
‘atalsed.<{)" 23 80 3 106 551,404 


creased from 42,000 to 60,000 bbl. per day. 
This same company completed the looping 
of 46 miles of 8-in. line from the Seminole 
field to Midland, Texas. 

With the completion of the Stanolind 
and Magnolia pipe lines early in 1944, the 
pipe-line capacity from the West Texas- 
New Mexico area will be increased from 
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401,000 to 508,000 bbl. per day. By the 
building of additional pump stations and by 
the maximum use of tank-car shipments, 
the marketing outlet from the Permian 
Basin may be further increased to 637,000 
bbl. per day. 


ELLENBURGER PRODUCTION 


The opening of Ellenburger production 
in the Kermit, Keystone and Wheeler 
fields in Winkler County was one of the 
significant developments of 1943. Like the 
Monahans field, to the south in Ward 
County, these Ellenburger fields are 
situated near the western edge of the 
Central Basin Platform in an area largely 
leased for Permian production. 

In May 10943, the Magnolia Petroleum 
Corporation’s No. 20 State-Walton was 
completed, flowing naturally 588 bbl. of 
4r.7° A.P.I. gravity oil from a depth of 
10,705 ft., after being plugged back from a 
total depth of 10,774 ft. Below the Ellen- 
burger top at 10,450 ft., a gas-distillate cap 
about 190 ft. thick was found above the oil 
zone, which was topped at 10,640 ft. As the 
oil-water contact was found at 10,705 ft., 
the well has 65 ft. of net pay thickness. 

This discovery was shortly followed by 
the completion of Amon G. Carter’s No. 
2-C Walton, which obtained a potential of 
6789 bbl. of oil per day. There was about 
330 ft. of gas and distillate-bearing section 
between the Ellenburger top at 9217 ft. 
and top of the oil section at 9550 ft. The 
well was finished at a total depth of 9655 
ft. without encountering bottom water. 

In July, the Stanolind-Shell No. 1 Blue 
set pipe at a total depth of 10,697 ft. and 
gun-perforated from 10,647 to 10,697 Tite 
from which section the well tested 1370 
bbl. of oil per day. The top of Ellenburger 
was reached at 10,493 feet. 

Because of a difference of more than 
1200 ft. in structural elevation between the 
Keystone and Kermit Ellenburger fields, 
within a distance of about 334 miles, it is 
assumed that they are separate fields. 
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Consequently, the finding of a favorable 
structural trap is more important than 
finding the top of the Ellenburger high. If 
this hypothesis proves correct, exceedingly 
deep drilling will be required to test the 
Ordovician possibilities in the Permian 
Basin of West Texas. 


LEASING 


Leasing activity was heavy and general 


throughout the area with rising prices. 


At the December competitive University 
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Lands sale, the Mid-Continent Petroleum 
Corporation bid the record price of 
$405,000 for a 320-acre tract 2}¢ miles 
south of production in the Fullerton field. 
The University received $3,643,600 for 
leases on 40,380 acres of land. 
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Oil and Gas Development in West Virginia during 1943 


By Davin B. REeGER,* MemBer A.I.M.E. 


SHARP declines of initial production of 
both oil and gas occurred in West Virginia 


during 1943. There was only a small de- 
' crease in the number of new wells, 


but 
these wells did not show the quantities of 
oil and gas that might have been expected. 
The same situation prevailed both as to 
routine drilling in old pools and as to 
exploratory wildcat wells. Out of 42 wild- 
cats drilled, 19 resulted in small commercial 
gas wells, and 2 in small commercial oil. 


bbl. of daily new production; 475 gas wells 
with 454,735,000 cu. ft. of daily open flow, 
and 137 dry holes. Also, 57 old wells were 
drilled to deeper sands, with 3 bbl. and 
11,484,000 cu. ft. of added production. On 
the new wells, the oil average was 11.2 bbl. 
per well per day, and the gas average was 
057,337 cu. ft. per well per day. On new 
wells the ratio of dry holes to completions 
was 19.68 per cent. On deeper drilling the 
ratio of failures was 14.03 per cent. The 


TABLE 1.—Production Statistics, West Virginia 


Oil Average Gas Average 
‘ Oil per Gas per 
Period c Well ve per 
Number Bbl. Daily, | Number] Million Cu. Day, 
|of Wells Produced Bbl of Wells |Ft. Produced| Cu. Ft. 
AS CER Go 8 he 424,687,000 7,318,651 
CC NRI TERAMD OPT oh et Ss sie gic t= 0k we 17,051 3,574,0002 0.57 14,114 215,193? Ate ga 
PRP eeMENA Ste OC a aie ci ss sheng vais oe 16,872 3,349,000° 0.54 14,309 210,000° 40,208 
«U.S. Bureau of Mines, final figures. 
» U.S. Bureau of Mines, estimate. 


¢ Author’s estimate. 


Sa Ss ee 


No new oil pools were discovered, but the 
proved limits of several old pools were con- 
siderably extended, giving 4200 acres of 
newly proved oil territory. Three new gas 
pools, resulting from discoveries made in 
1942 and former years, came into definite 
activity. The newly proved gas territory in 
these and in various extensions of old pools 
is 39,000 acres or more. It is doubtful 
whether the newly proved reserves of either 
oil or gas will balance current withdrawals. 

The account of operations, as gathered 
from trade journals and other reporting 
services, shows that 696 new wells were 
drilled, resulting in 82 oil wells with 919 


Manuscript received at the office of the 


Institute March 23, 1944. 
* Consulting Geologist, Morgantown, West 


Virginia. 


greatly decreased average initial gas-well 
production in 1943, as compared with 
2,270,406 cu. ft. per well in 1942, is directly 
attributable to the abrupt decline of com- 
pletions in the Charleston gas field, which 
reached its peak in 1942. 

Production of oil for the year was esti- 
mated by the U. S. Bureau of Mines as 
3,349,000 bbl., as compared with 3,574,000 
bbl. in 1942. 

Production of natural gas for the year 
is estimated by the author as 210,000,- 
000,000 cu. ft., compared with the U. S. 
Bureau of Mines final figures of 215,193,- 
000,000 cu. ft.* in 1942. 


* The Public Service Commission of West 
Virginia reports (by letter) 248,142,275,000 
cu. feet. 
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TABLE 2.—New Pools and Extensions 


Wells, Initial Production and Proved Territory 


Wells 
Oil Gas Drill- 
Pool (Oil and Gas), f ing, 
ete and Period P 4 End 
Producing Sand je Average Dry pee of 
Num- Bbl Num- | M Cu. | Average} Holes cres 1943 
ber of | Wer ae a Hee ee 
Wells Da ells ell per . | 
y Day | 
| 
5 Oo 
Bulltown Ga) ee le IQA3 e : 4,362 616 c Tee 
ton—B. L., 30-ft., G. uring 1943 ‘ . 
Stray, Gord., 5th. Total fs) 6 4,302 616 : =F /0e8 
Barboursville (gas), | Before 1943 Co) 24 IST Spee pe 
Cabell—Berea,_ B. During 1943 : ne oy BES e egos 5 
Shale ota 
Sycamore (oil), Cal-| Before 1943 45 16.4 5 184 350 2 nooe 
_— urin, B 9 . 
lee Rey everest jaa 54 as 7 aa 350 1,700 5 
Morocco (gas), Clay—] Before 1943 is) II 1,285 I 1pe0 
Bo lm.) Bat. Diging) 1943 ° Be eels Z 1p te , 
ota to) : ; 
Reed Fork (oil), Clay—} Before 1943 90? ? : ? ane 
B:; I. During 1943 6 8 te) oO 3 : 
Total 96? ? ? ve 1,300 
Villa Nova (gas), Brax-| Before 1943 2 50 71 1,323 492 27 ipo | 
ton and Clay—Salt, | During 1943 o 33 493 448 3 7, : 
Blue M., B. Lm., Total 2 50 104 1,077 477 40 19,000 
Bers . 
ade Fork (gas), Clay | Before 1943 2 6 13 1,542 443 4 2,500 
Vis ' 5 During 1943 fs) 2 596 510 £ 1,000 
Total 2 6 15 1,396 450 5 3,500 2 
Charleston gas _ field | Before 1943 I 150 835 5,700 I,450? 66 130,000 
(excluding Higgin- | During 1943 ts) (7) 80 2,822 1,200 Io 10,000 | 
botham Run oil pool Total I 150 915 5,449 1,437? 76 140,000 i 
and Rocky Fork gas 
pool), Jackson, Kan- 
awha and Putnam— 
Oriskany > 
Rocky Fork (gas, new) Before 1943 i) I 3,499 560 ° oO 
Kanawha and Put-]} During 1943 fa) 13 4,285 581 I 1,400 
nam—B. Lm. Total te) 14 4,220 578 I 1,400 | 
Eighteen-mile Fork | Before 1943 oO 7 203 473 re) 150 
(gas), Kanawha— | During 1943 o 2 fe) oO 150 | 
Sq., Be. Total to) 9 172 473 ra) 300 2 | 
Higginbotham Run | Before 1943 20 124 2 293 6 200 | 
Coil), ¢€within| During 1943 2 35 fo) E {o) 
Charleston gas field) Total 22 ERQS3 2 2093 9 200 I 
Kanawha—B. Lm. 
Bradyville ((gas), Lin- | Before 1943 ° 7 334 421 o 400 
coln—B. Lm., B. I., | During 1943 ° 5 T,190 re) 300 
Be, B. Sh. Total 3) 12 6901 421 fay 700 2 
Griffithsville (oil), Lin- | Before 1943 | 405(?) ? 12,000 
coln—Be. During 1943 5 2.2 I 2,055 I 3,700 
Total 410(?) i 15,700 2 
Spurlockville (gas), | Before 1943 to) 55+ 400 308 4 19,000 
Lincoln—Be., B. Sh. Dune +943 ° oth 359 425 ° 53.008 y 
ota to) 79 385 400 4 2,00 
Heizer (gas), Putnam | Before 1043 to) I 232 750 3 
—B. Lm. During 1943 ° 5 2,241 569 4 1,200 
Total to) 6 1,906 685 7 1,200 te) 
Trace Fork (gas), Put- | Before 1943 I AS 104 640 499 5 23,000 
nam,—Salt, B. Lm., | During 1943 (a) 29 210 353 (0) (0) 
Be., B. Sh, Total I 45 133 548 484 5 23,000 8 
Slab Fork (gas), Ral- | Before 1943 to) 10 857 515 I I,000 
ga G., Max., Desing 2943 ) 5 950 547 4 z098 . 
- Litt, ota (9) 15 527 a 2,900 
Lost Run (gas), Taylor | Before 1943 () 8 205 233 4 700 
—B. I. De es I 10 3 301 241 I noe 3 
ota. Ir 10 II 253 237 5 00 4 
Evergreen (gas); Up-| Before 1943 0 35 481 573 9 4,500 
shur— Weir, Gord., During 1943 te) to 528 438 5 500 
oo 5th, Ball., Ril., Total (0) 45 493 530 14 5,000 3 
en. 


2 Abbreviations as follows: Be., Berea; B. I., Big Injun; Ball., Balltown; B. Lm., Big Lime; Ben., Benson; 
Blue M., Blue Monday; B. Sh., Brown Shale; sth, Fifth; 50-ft., Fifty-foot; 4th, Fourth; Gord., Gordon; G. 
Stray, Gordon Stray; Knr. Keener; Max., Maxton; Pr. Princeton; Ril, Riley; Sec. C. R., Second Cow Run; 
Sq., Squaw, S. G., Stony Gap.; 30-ft., Thirty-foot. 

> Includes a 1914 wildcat of 25,000 M cu. ft., which soon exhausted. 
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TABLE 2.—(Continued) 
ea 


GENERAL STATE OF INDUSTRY 


Leasing of wildcat acreage continued to 
be active. The land of all classes under 
lease probably exceeds 5,000,000 acres. 
Taking into consideration completions, 
abandonments and corrected figures or 
estimates, Table 1 shows cumulative and 
late annual statistics. 


New Poors AND EXTENSIONS 


Table 2 shows the principal areas of 
drilling activity during 1943. Various con- 
solidations of territory, hitherto treated as 
separate pools, have been made. In addi- 
tion to these, considerable drilling was done 
in numerous other pools, and in areas 
where pool boundaries can hardly be 
defined. 


SUMMARY OF EXPLORATION 


Table 3 gives a summary of important 
wildcat or exploratory wells drilled during 
1943, together with some others that have 
gone to unusual depths in old fields. 


Wells, Initial Production and Proved Territory 
Pool (Oil and Gas), ss = Dail 
County and Period te? ; 
Producing Sand A End 
i AG G Average Dry Proved 
Num- BbL os Num- | M Cu. | Average | Holes Acres = 
ber of Well nee ber of | Ft. per | R.P., 1943 
Wells eee Wells | Well per| Lb. 
J Day 
# h 
Lorentz (gas), Upshur | Before 1943 te) 22 5 
; , 2 7 Ty eis 
=e -ft., Gord., 5th, | During 1943 ° 12 Se “Eee 3 ete 
ieee Total oO 34 394 1,192 4 4,000 5 
oc ave (gas), Up-| Before 1943 ts) / 13 505 541 to) 1,200 
lig Aon Mat an Buritg 943 | | ° | 14 364 640 4 3,000 
5 Tr | 5 5 : 
f ar Bea. 5 ‘ota te | 27 445 583 4 4,200 3 
rum (gas), Wayne— | Before 1943 | I | 2 8 1,671 50 
; 9 I,000 
Sh ge Lm., B. I., | During 1943 | ° 5 1,348 333 4 3,000 
6 a aa Total I 2 13 1,549 436 4 4,000 10 
gdin (oil) Wood—| Before 1943 | 27? 23.5? I? 134? 280? 1? 1,500 
Sec. C. R., Be. Dory tD43 | 8 22.9 ° ° 2 "I00 
; ota f ase 23.4? 1? 134? 280? ? 
Glen Morrison (gas), | Before 1943 ° 7 oe 467 : oc 
Wyoming—Pr., During 1943 fe) ‘ 210 365 fe) 1,200 
Lm Total OG 8 321 441 I 3,000 I 
Pineville (gas), Wyo-| Before 1943 o | 4 424 677 ° 200 
ming—Pr., Max., During 1943| oOo | 9 1,202 634 I 4,300 
_~ Lm., Be. Total oye | 12 1,007 643 rr 4,500 5 
{ | 


DEVELOPMENT IN ORISKANY AND OTHER 
DEEP SANDS 


Drilling to the deep Oriskany sand 
(L. Dev.) declined severely in 1943, the 
total count showing 105 tests, of which 80 
had commercial Oriskany gas. All of the 
productive wells are in the Charleston gas 
field of Jackson, Kanawha and Putnam 
Counties. A deep test in Tucker County 
was showing gas in the top of the Oriskany, 
but its completion has been delayed be- 
cause of lost tools. (For completed Oriskany 
wildcats, see Table 3.) 

In the Charleston field, as summarized in 
Table 4, drilling continued, but the limits 
apparently are well defined except to the 
south and southwest. The total production 
in this field has been about 550 billion cu. ft., 
of which about roo billion were taken out in 
1943. The field should continue to produce 
rather large quantities of gas for several 
years. 

Seven wells were drilled to the Newburg 
sand (Sil.), three of which, in Boone and 
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Wayne Counties, had commercial gas. 
None of these tests reached the so-called 
“Clinton”? or White Medina sand of the 


Silurian. 


DEVELOPMENT IN THE Bic LIME 


For many years the Big Lime, or Green- 
brier (L. Mis.), has produced substantial 
quantities of gas, and a little oil, in south- 
western West Virginia. In later times, 


WEST VIRGINIA DURING 1943 


The Greenbrier, in northern West 
Virginia, is only 50 to 1oo ft. thick, and is 
practically devoid of production, but it 
thickens southward to many hundreds of 
feet and contains various sandy or porous 
zones. With the certainty of good results 
from acidation, it seems apparent that vast 
quantities of new Big Lime gas will be re- 
covered from the southern and south- 
western counties. 


Taste 4.—Oriskany Sand Wells, Jackson and Kanawha Counties and Adjaéent Part of 
Puinam County, W. Va. 


Completed before 1943 Completed in 1943 
: Number 
Total | of Wells 
County and Gas Wells Gas Wells Number | Drilling 
Magisterial District Dry | Total Dry | Total | of Com- | or Unre+ 
ce Nine aa Num-.| pleted | ported, 
Num-| Gas, M Oris- | ber of | Num-| Gas, M | Oris- | berof| Wells | Jan. 1, 
berof| Cu. Ft. | kany | Wells | berof| Cu. Ft. | kany | Wells 1944 
Wells Wells 
Jackson County: 
Grant we fever 3 8290 (9) 4 oO (a) ts) to) 3 I 
Ravenswood..... 55 280,003 9 64 6 9,086 fs) 6 “70 3 
INGA Goeaa so: 187 | 1,089,588 6 193 46 1275072 5 51 244 8 
Washington. ... 55 413,752 9 64 9 39,664 I 10 74 3 
s AGG. tienes tee 300 | 1,784,172 24 324 61 185,921 6 67 3901 15 
Kanawha County 
Big Sandy....... (0) (a) I if oO fo) fs) to) £ te) 
Cabin Creek..... (0) (9) 3 3 oO fa) fa) 0 3 °o 
Charleston... ! 2. I 88 (a) I oO to) to) fo) I fa) 
1 2 eS A SES esd 92 376,211 13 105 9) ta) °o fa) 105 0 
Jiefierson!eh.2.0:50 to) te) I I ° te) fe) ° I ° 
oudem..2 a a 8 3,788 5 13 I 516 oO I I4 I 
Malden$ 5.2 ...71... 35 73,181 5 40 fo) ° (0) te) 40 fs) 
Poca i aan Metra 368 | 2,473,055 7 375 5 9,434 I 6 381 2 
WinitOniyeee ce sie 21 41,007 3 24 4 8,323 2 6 30 I 
Washington..... if 254 3 4 (9) to) te) ° 4 te) 
Totally sae, st 526 | 2,967,58 I 6 10 8,27 
Patwom. Counts 967,584 | 4 567 18,273 3 13 580 4 
WIO 1 ee a. ena 9 8,176 I 10 9 21,593 I 10 20 I 
Grand total... 835 | 4,759,932 66 9QOoI 80 225,787 10 90 9OI 20 


following the perfection of acidation 
technique, its possibilities have become 
increasingly important. In rogo a small 
pool of oil, with wells ranging up to 400 
bbl. per day after acidation, was opened in 
Kanawha County, within the Charleston 
gas field. At present, there are four new, 
flourishing, Big Lime gas pools in Kanawha, 
Putnam, Raleigh and Wyoming Counties. 
Initial open flow ranges from small quan- 
tities up to 13,000,000 cu. ft. per day. 
Many similar good wells are being found in 
other pools. 


OPERATING TECHNOLOGY 


Secondary recovery of oil, mostly by gas, 
or combined gas-air injection, is practiced 
in various old fields with good results. 
Acidation of the Big Lime, both for oil and 
gas, has become a routine method of de- 
veloping or increasing production. Many 
old wells, presumably, will be revived to 
substantial new flow by this process. Some 
of the larger gas companies are now spend- 
ing substantial sums on gas_ storage, 
principally in northern West Virginia, 
where the sands of exhausted pools afford 
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suitable reservoirs fairly close to heavy 
consuming centers. Several new storage 
input wells were drilled, principally in 
Lewis County. 
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efficiency of about 17 5,000,000 cu. ft. per 
day. At Kenova the flow will divide, part 
of it going northward into Ohio through 
lines of Columbia Gas and Electric Cor- 


TABLE 5.—Summary of New Development in West V irginia during 1943 


Pree LINES, COMPRESSOR STATIONS AND 
: MARKETS 


In northern West Virginia the 24-in. 
crude-oil line and the 20-in. products line 
of the Defense Plant Corporation were 
completed across Marshall County. In 
southern West Virginia, announcement has 
been made that Tennessee Gas and Trans- 
mission Co. will build 1156 miles of 24-in. 
gas line from Corpus Christi, Texas, to 
Kenova, W. Va., with a maximum capacity 
of 207,000,000 cu. ft., and an operating 


New Wells Wells Drilled to Deeper Sands 
Oil Wells Gas Wel i 
County Is Production 
Num- 
ber of Z “ Dry Dry 
Wells | Num-| Bbl. | Num- |M Cu. Ft.| Holes | bef! on | Gas me | Holes 
ber of per ber of per Bbl. | Cu. Ft. 
Wells Day Wells Day per Day] per Day 

ts) III to) te) te) to) (0) 
6 8,250 3 2 ce) gra (e) 
3 2,424 6 I o 680 ° 
oO ee ° oO (e) (0) (0) 
12 7,501 5 4 te) 32 to) 
9 27,786 8 2 te) a te) 
I 7OI to) 2 (0) 50 I 
6 8,485 II 3 to) 365 I 
oO 0 2 302 oO 6 (0) 700 I 
oO Seis 61 187,204 8 oO (0) (0) to) 
3 72 59 77,943 17 4 (a) 844 I 
° ° 3 1,392 to) 7 2 1,557 te) 
A 43 6 15 36 17,881 I 10 to) 4,949 (0) 
2 CAR 10 o i) 4 1,833 6 te) (6) (0) (0) 
McDowell......... n ° r) ta) fa) I oO (a) te) te) 
rte oe ° o I 322 3 2 fe) 58 I 
Marshall, 2.2... I 12 4 1,356 I 3 (0) 196 (0) 
NEARED. 40 cove as es I 2 I 100 ts) I to) 62 (s) 
Mingo. . ete oat oie iz I 4 1,900 oO (0) ro) oO ° 
Monongalia........ ts) ° 6 1,461 3 2 I 12 Ce) 
i ee oO ie) I 189 ° (0) oO (0) re) 
arta inte em alee ts) ° te) ° I ts) ts) ° to) 
Sree I 5 ° te) 2 ° to) ° Co) 
ee ih eee oO oO 48 50,547 6 (3) is) (a) (o) 
ages is ls °o oO 6 4,854 7 0 ie) ° i) 
< ee 6 147 15 8,350 10 3 (o) 195 I 
2 20 2 496 3 oO is) (0) (0) 
I 5 2,001 I ts) to) to) ° 
I ° fs) x (3) (3) OL te) 
°o | 16,465 bas) (e} (o) (9) (o) 
rs) 4 7,258 2 [s) oO (e) ro) 
4 3 517 4 4 ° 660 2 
3 I 225 4 I to) 160 to) 
5 o 4,700 | oO ° to) ° 
° I 11,466 4 o ro) (e) oO 
454,735 57 <4 11,484 8 


poration, and the larger part going east- 
ward through 72 miles of new 18-in. line 
to Hope Natural Gas Co. at Cornwell 
Station, Kanawha County. Some additional 
trunk lines will be built to handle the 
further flow through Hope and Columbia 
lines to consuming centers in Pennsylvania 
and Ohio. 

In Jackson and Clay Counties, sub- 
stantial extensions of large gathering, or 
semitrunk, lines have been built to absorb 
new production in these areas. 


560 


In Braxton County, Pittsburgh and 
West Virginia Gas Co. completed a new 
compressor station 2 miles southeast of 
Rosedale, with four 300-hp. units. At 
Glenville, Gilmer County, the same com- 
pany rebuilt its old steam compressor 
station by installing six-300-hp. gas-driven 
units. In Cabell County, West Virginia 
Gas Corporation built a 200-hp. com- 
pressor plant, to handle 2,500,000 cu. ft. of 
gas daily. In Jackson County, United Fuel 
Gas Co. added 1000 hp. to its Trace Fork 
compressor station; and in Kanawha 
County it built a 3000-hp. plant at Kenna. 


O1t PRICES 


The price of oil remained pegged at $2.59 
per barrel throughout the year. Figures are 


not yet available for the price of gas at the ° 


well mouth in 1943, but the U. S. Bureau of 
Mines figure of 12.2¢ per tooo cu. ft. in 
1942 is an advance of o.1¢ over 1941. The 
reported price of 20.5¢ to be paid for Texas 
gas at the terminal of the new Texas-W. 
Virginia gas line may considerably increase 
the local field price in future years, because 
the gathering cost, from well mouth to main 
transmission lines, averages about 3¢ per 
1000 cu. feet. 

To a very considerable extent the failure 
of West Virginia to increase its production 
of oil and gas to quantities that are pres- 
ently desirable may be attributed to short- 
age of materials and lack of adequate price 
incentives. On gas, in particular, no pipe 
line from Texas would have been necessary 
if an ample supply of pipe and a better gas 
price had been afforded to the operators. 
Plenty of gas, to meet demands for many 
years, remains in the ground. 


OIL AND GAS DEVELOPMENT IN WEST VIRGINIA DURING 1943 


CouNTy SUMMARY 


Table 5 shows by counties the new de- 
velopment in West Virginia curing 1043. 
This information is compiled from all 
available sources, including trade journals, 
the West Virginia Department of Mines, 
the West Virginia Geological Survey, the 
special plat service offered by Veleair C. 
Smith, Management, and from private 
reports. 

The various reports do not altogether 
agree, but Table 5 attempts to reflect a 
careful history of every well that was com- 
pleted in West Virginia in 1943. 

According to the Department of Mines, 
878 permits to drill were issued, as com- 
pared with 870 permits in 1942. 
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Oil Possibilities in Brazil 


By S. Froéres Apreu* 


THE importation of liquid fuels in Brazil 
amounts to about 1,300,000 tons; 30 per 
cent of this total being gasoline for auto- 
mobiles and airplanes. Statistics show an 
increasing consumption of gasoline not- 
withstanding the use, daily greater, of 
fuel alcohol, a domestic fuel of low cost 
in the producing areas. 

The Brazilian market for petroleum 
products has shown a tendency to grow 
as the country has steadily developed— 
expansion of the industries in the areas 
already developed, and also the recent 
occupation and population of new zones. 

The war has brought many difficulties 
to Brazil. It has limited the importation of 
petroleum products, which came mostly 
from the United States, Venezuela and 
Mexico. During the first days of the 
present crisis automobile and truck traffic 
was vastly curtailed; but the national 
activity in the production of more fuel 
alcohol, and principally in the develop- 
ment of producer gas, has done much to 
provide a solution for the transportation 


_ crisis threatened at the beginning of the 


gasoline shortage. Many thousands of 
cars and trucks in Brazil are now burning 


producer gas made from charcoal. Producer 
4 gas for automobiles has been improved by 


Brazilian engineers and many new types 
have appeared. 


PRODUCTION 


There is only one producing oil field 
in Brazil—the one in the State of Baia, 
near the Baia de Todos os Santos. The 
first producing oil well was drilled in 


Manuscript received at the office of the Institute 
b. 28, 1944. 5 J 
vie Chief if ae Instituto Nacional de Tecno- 
logia, Rio de Janeiro, Brazil. 
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Lobato in 1939 by the Federal Govern- 
ment «following studies carried on in 
that area by Oscar Cordeiro, S. Froés 
Abreu, G. Paiva and J. Amaral. The field 
and laboratory work done by these men 
was published in 1936 in a paper entitled 
“Contribuicées para a Geologia do Petroleo 
no Reconcavo (Bafa),’’ which indicated 
the potentialities of the area as an oil 
producer. After the discovery of the first 
producing well, the Brazilian Government 
issued a decree establishing an area, 
60 km. in radius, as a National Reserva- 
tion. This first well was drilled in Lobato. 

In no other locality in Brazil is any 
petroleum produced. Although many wells 
have been drilled in the southern part of 
Brazil, on the northeastern coast and 
in the Amazon Basin, they yield nothing. 

Actual production is below 1000 bbl. 
daily. The producing area covers Itaparica 
Island, Candeias and Arati, Joanes Island 
and Lobato. 

Since very little geological information 
was available, especially about subsurface 
structure, it was necessary to drill several 
wildcats in order to collect the data 
essential in the choosing of good locations. 
The United Geophysical Co. was con- 
tracted to perform a geophysical survey 
to clear up the major problems concerning 
the oil deposits in the Reconcavo beds. 

The best wells in Reconcavo are on. 
Itaparica Island, where the daily flow 
amounts to about 200 bbl.; in other 
sectors production is considerably lower 
and most of the wells are pumping. In 
the Arata sector, near an area of very light 
oil, there is an important gas field, with 
wells producing about 10,000,000 cu. ft. 
daily. 
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All the oil from Bafa has a paraffin 
base and a low sulphur content, this 
paraffin generally causing considerable 
difficulty in pumping. Only the Arata 
wells yield light oil, not viscous, which, 
by topping, gives a great quantity of 
gasoline. The analyses of Table 1 show 
the principal characteristics of Baia oils. 


TasLE 1.—Principal Characteristics of Bata 
Oil 


Bi a eel ee ee eS eS 
: Lobato Oil Aratt 
Characteristic (First Well)2 Oi 
Colorsine nes surstet sioner Dark brown Brown 
Spieti As bal gees careers 4I.5 Sse 
Flash|point Ba ee ee Below 86°F. 81°F. 
Carbon residue, per cent. T.4 0.3 
Water, per cent.(.....2-- 0.4 
Water and sediment, per 
GONG seer ote so toreenerae « 3.4 
Sulphur, percent: 3-2... 0.02 Tr 
Parafin, per cent......... 21 
Viscosity, abs. at 100°F., 
ctp BOOS Care a acre 3.5 
Distillation, atmospheric 
pressure: 
Bi pencenten spaces | PAL ATO Eh. At 257°F. 
TO. Per, CeNt..2.0-,5 che re 275°F 293°F 
TS) per Cent acc qsxe crn ea 352°F 325°F 
20 Per Cent .nes «cm we = te 408°F 352°F 
25 per. CeNbanede erences 468°R 385°F 
30.pericent.-eee emesis 500°F 10°F 
AOlper' cent ©...5 22st. « 556°F 466°F 
SO pPericOMmt nis s/-1eiraer 599°F Reed), 


@ Analysts: A Freire and F. Leal. 
6’ Analyst: F. Pilar. 


Besides the oils from the Baia field, 
there is now a limited production of mineral 
oils obtained from the distillation of oil 
shale and bituminous sandstone in the 
states of Parana and Sao Paulo. In the 
Parahyba Valley, between the cities of 
Rio de Janeiro and Sao Paulo, a plant 
was erected to operate the big shale 
deposits of the Tertiary, which are found 
there. Production! n this area has not 
yet been on a commercial scale, owing to 
certain technical difficulties. Some oil is 
produced, but only for experiments preced- 
ing the completion of this new plant. 

In the state of Parané, in Sao Matheus 
County, there is a small plant treating the 
black shale of the Iraty formation, which 
constitutes a very considerable but unex- 
ploited reserve of oil in potential stage. By 
destructive distillation this shale yields 
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from 7 to ro per cent crude oil of asphaltic 
nature, charged with unsaturated hydro- 
carbons and high in sulphur content. In 
many places the mining operations are 
made easy by the fact that the beds out- 
crop and form cliffs in the valleys. The oil 
produced in this small plant is redistilled in 
primitive stills, giving a gasvuline that is 
utilized in the cars and buses of the county. 
Notwithstanding the high sulphur content 
and the unsaturated hydrocarbons, which 
have a very disagreeable odor and which 
produce gum compounds after some days of 
storage, the gasoline is much appreciated 
in this period of shortage, as it has a very 
high octane number. 

The most important production of shale 
oil in Brazil is that of Guarey County, 
in southern Sao Paulo, from a homemade 
plant, which has been operating only 
about one year. 

Because of the shortage of liquid fuels, 
as a consequence of the war, the Companhia 
Itatig is beginning to utilize the bituminous 
sandstones in the large areas it has leased 
in the state of Sao Paulo for producing oil. 
In this region there are large areas of 
Triassic sandstones cut by basic eruptives, 
showing extensive impregnation by bitu- 
men. Despite great difficulties in obtaining 
steel plate and other materials needed 
for installing the plant, the Companhia 
Itatig has erected rotary kilns and is 
producing 4o bbl. of oil daily—a very 
fine example of war effort. The rock 
treated in this plant gives 6 to 7 per cent 
oil in volume, according to the degree of 
impregnation of the sandstone; in other 
words, about 16 to 20 gal. (of oil) is 


| 


obtained per ton of sandstone treated, | 


at a very reasonable cost, permitting) 
commercial success. 

The location’ of this works is very 
convenient, as it is very close to Sorocaba 
and the city of Sao Paulo, two important 
consumers of gasoline and fuel oil. The 
Companhia Itatig operates with two types 
of rotary kilns, one charged continuously 


and the other discontinuously. The oils 
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produced are very different, as shown in 
Table 2. 


TABLE 2.—Guarei Oils 
From Distintatron OF BirumMrInous 
SANDSTONES 


Characteristics Discontinuous |Continuous 
Retortss etorts? 
== 5S See 
Atmospheric pressure, 
per cent: 
Up to 167°F eonaes. « 1 0.3 
212° Sieger es aoe 3.6 
257, Be ae 6.5 4.3 
302 eee eee 125 Sis 
347° ats acai 16.2 14.6 
392°........ 20.2 19.9 
437) ++ +00: 23.9 28.6 
cM hte oe 
re aes 36. oO. 
Vacuum, 40 m./m.: : 
Upto 392°F APE a 36.9 Si:3 
fe ee ae ok 51.6 
482° meee acs 38.3 Sa e 
527): 41.8 53.6 
Ly 1 a ee 49.3 58.6 
Soageal A ke 7k Sa ita Dark brown Black 
Eg La it eee 2555 14. 
lash point. deg. F..... 82 i 
oe residue, per cent ei 5.9 
phur, per cent...... TAS rag 
Boar poi... 5-25... . Below 53°F. 


* Analyst: E. Frias Rocha. 


The Companhia Itatig was founded by 
Priolli Brothers, young Brazilians and 
pioneers in oil drilling in the state of 
Sergipe in northeastern Brazil. They did 
not find oil in Sergipe; only salt deposits, 
which are now being tested for alkali 
production (caustic soda). Now the com- 
pany, under the presidency of Colonel 
Costa Neto, superintendent of a number 
of industries controlled by the Brazilian 
Government, is investigating the possi- 
bilities of manufacturing asphalt on a 
large scale, for paving purposes, to aid 
the program of building good roads for the 
nation. 

The bituminous sandstones of the state 
of Sao Paulo, mainly in Guarei, Piramboia, 
and Porto Martins Counties, are very 
important. Such deposits occur also in 
the state of Santa Catarina, where they 
are very rich but far away from industrial 
centers and transportation facilities. Other 
asphalt and bituminous sandstones are 
known in the coastal belt of the state of 
Baia (Santo Amaro Island, Marat and 
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Ilhéos) but they have not yet been 
investigated. 


REFINING 


Petroleum refining is not yet an impor- 
tant industry in Brazil. Only two small 
refineries are treating very light crude oil 
imported from Equador and sometimes 
from the United States. They are the 
Refinaria Ipiranga S. A. in the state of 
Rio Grande do Sul and the Industrias 
Matarrazo de Energia in the city of Sao 
Paulo. Because of wartime transportation 
difficulties, these plants are working very 
irregularly. Many projects to build big 
refineries have been presented to the 
Government, but, for very complex and 
often political reasons, none has been 
agreed upon. Really one of the most 
important problems in national defense 
is the creation of a refining industry in 
Brazil, first operating with imported crude 
oil, until there is sufficient domestic 
production. As the country is very large, 
and there are densely populated centers 
in the northeast, the east and the south, 
it would be more suitable to build smaller 
refineries scattered among the most con- 
venient localities, in order to ensure easy 
distribution throughout the consuming 
areas. 

The Conselho Nacional de Petroleo, 
the official agency exploring the Bafa 
fields and charged with the control of 
petroleum problems in Brazil, has installed 
some boilers, thus making a small plant 
for topping the light crude oil from Aratt. 
Gasoline produced here has a very low 
octane number (42) but is blended with 
ethyl alcohol of local production, which 
improves its quality and raises the octane 
rating of the fuel. 


RESEARCH 


For more than 40 years petroleum 
research has been carried on in Brazil, 
but irregularly because of a lack of proper 
financial support and detailed (basic) 
geological work. More than 20 wells 
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have been drilled in the state of Sao 
Paulo, very few of which have yielded 
any oil and none gas. Some have been 
drilled by private concerns but for the 
most part they have been drilled by the 
Federal Geological Survey and the State 
of Sao Paulo Geological Survey. Their 
total does not come up to 150, however, 
even including the recent wells drilled 
on the National Reservation by the 
Drilling and Exploration Co., under the 
supervision of J. E. Brantly, of Los Angeles, 
California. 

In the past four years some progress 
has been made in oil investigations in 
Brazil: the Servico de Fomento da Pro- 
ducio Mineral, under the direction of 
Avelino Oliveira, drilled the first well in 
Lobato (1939); the Conselho Nacional 
de Petroleo contracted for drilling on the 
National Reservation and in the state of 
Alagoas, with the United Geophysical Co.; 
the Companhia Itatig drilled in Sergipe, 
discovering only large salt deposits; the 
Companhia Solipema drilled in Marat 
without commercial success. 

In 1938, the Federal Government 
published a map prepared by Avelino 
Oliveira, now Director of the Fomento 
da Produc&o Mineral and _ ex-geologist 
of the Conselho Nacional de Petroleo, 
showing potential petroleum areas in 
Brazil. He has considered five areas: 

1. Area with greatest possibilities: Mezo- 
zoic and Cenozoic marine formations of 
the upper Amazon, Territory of Acre 
and the northeast coastal belt from Bata 
to Rio Grande do Norte. They cover about 
492,650 sq. km., or about 5.7 per cent of 
the territory (country). 

2. Areas of sedimentary rocks with 
possibility of oil; that is, the Paleozoic 
and Tertiary formations of Para, Amazonas, 
the southern coast of Baia and Espirito 
Santo, and the Devonian and Gondwanic 
areas of southern Brazil covered by basaltic 
lava and Cretaceous sandstones. They 
cover about 2,335,850 sq. km., or 27.4 per 
cent of the country. 
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3. Areas of sedimentary rocks, for 
most part terrigenous with secondary or 
unknown oil potentialities. These are the 
Permian and carboniferous areas of Piaui, 
Maranhao, northern Goiaz, southeastern 
Par& and the “pantanal” (large bog) 
of Mato Grosso; they measure 934,250 Sq. 
km., or 10.9 per cent of the country. 

4. Areas not worthy of consideration for 
oil production: these have sedimentary 
terrigenous rocks in various states, occupy- 
ing about 1,131,251 sq. km., or 13.3 per 
cent of the country. 

5. Negative areas; that is, the crystalline 
shield and the metamorphic pre-Devonian 
rocks, occupying an area of 3,630,166 sq. 
km., or 42.7 per cent of the country. 


Northeast Coastal Belt 


The Northeast coastal belt was con- 
sidered in 1938 by Avelino Oliveira as 
one of the most promising areas, and in 
1939 the first producing well in Brazil 
was drilled there. The author of this 
paper has for many years been very con- 
fident of the possibilities of this area, 
despite divergent opinions held by many 
Brazilian geologists who were very skepti- 
cal before the discovery of the Lobato 
well in 1939 and the Itaparica wells in 
1942. In a paper published by the author 
in 1936 with Glycon de Paiva and J. 
Amaral—‘‘ Contribuicdes para a Geologia 
do Petroleo no Reconcavo (Bafa)”— 
some theories about this area were ex- 
plained, which subsequent drilling and 
geophysical work have confirmed. The 
opposing arguments, based on the sup- 
position that the area was composed of 
very thin layers of Cretaceous without 
closed structures covering the crystalline 
shield, have been refuted in the Reconcavo, 
as wells have been drilled deeper than 7000 
ft., always in the sediment of lower 
Cretaceous on upper Jurassic according to 


recent ideas. Salt water has been found and 


oil is being produced from about 20 wells. 


The Baia oil comes from sands between 


1600 and 3600 ft., interbedded in the shales 
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of the Cretaceous or Jurassic age, which 
are covered in many places by terrigenous 
layers of the Tertiary “Barreiras Forma- 
tion.” ‘This is a formation extending 
along the coast as far as the Guianas and 
capping older Tertiary formations (Eocenic 
and Miocenic) as well as Cretaceous lime- 
stone (Parafba, Pernambuco). The sedi- 
ments of the Reconcavo of Bafa were 
named the “Serie Baia”’ by C. F. Hartt 
(Geology and Physical Geography of 
Brazil, Boston, 1870). It seems they 
extend south about 9o miles, where they 
become partly covered by Upper Cre- 
taceous of Albian age with a developed 
limestone facies. Below this limestone 
in Marat County, there are found con- 
glomerates as in Lobato, showing oil 
impregnation on the sandstone cement. 
Rotary drilling in Marat is made difficult 
by a loss of circulation due to the many 
big caves in the limestone, and any drilling 
program to be developed in this country 
must be preceded by geophysical work. 
In the state of Sergipe the Cretaceous 
basin is composed of marine deposits 
with many limestone outcrops. The thick- 
ness of the sediments is unknown but 
seems to be considerable; structural prob- 
lems remain to be solved, and there is 
much work to be done before drilling can 
be started. The Companhia Itatig has 
drilled five wells and has found salt 
deposits about 300 ft. thick at 3600 ft. 
Thin layers of shale interbedded with the 
salt contained a greenish oil. 

On the coast of Alagoas, the Conselho 
Nacional de Petroleo drilled some test 
wells where formerly a private company in 
Riacho Doce had obtained good indications 
and some gas. 


Amazon Valley 


Oil research is very difficult in the 
territory of Acre in the Amazon Basin, 
because the region is thickly forested, 
poor and very far from any civilized center, 
but in spite of the difficult conditions of 
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the country, research must be undertaken, 
because its geological composition seems 
to be very favorable. Pedro de Moura, 
geologist of the C.N.P., surveyed part 
of this area, giving highly favorable 
reports. V. Oppenheim, formerly a geologist 
for the Brazilian Government, was of the 
Same opinion. Geological work done in 


. Acre shows the presence of Tertiary and 


Upper Cretaceous sediments, moderately 
folded and correlated with the Peruvian 
series of the Amazon Basin, studied by 
Singewald and now recognized as petrolif- 
erous, with wells producing considerable 
quantities (Pachitéa field). The discovery 
of oil in this part of Brazil would be very 
important in that it would create a new 
center of activity in the far west of the 
country. 

In the lower Amazon the Paleozoic 
beds form a large syncline;. north and 
south of the margin of the- great river, 
parallel Silurian, Devonian and Carbonif- 
erous beds crop out, in many places 
covered by the Barreiras formation (Plio- 
cenic terrigenous deposit). Attention was 
drawn to the oil possibilities of the area 
by E. P. Oliveira following the drilling 
program for coal development by Gonzaga 
de Campos to complete his field researches. 

Drilling has been carried out in the 
lower Tapajos (Aveiros) in a search for 
oil in the Devonian beds. In Bom Jardim 
and Itaituba, the Geological Survey drilled 
six wells, finding some indications of oil 
and gas, but in the Monte Alegre wells 
none was found. According to E. P. 
Oliveira, the Silurian and Devonian forma- 
tions in the Amazon Valley might be very 
interesting for oil research. In the Trom- 
betas area the Silurian beds showed two 
characteristic zones: a zone of graptolites 
and a zone of mollusca. Both are of marine 
origin; in the first the sediment is very 
fine and contains diatoms and radiolares 

in great abundance; in the mollusca 
zone the rocks consist of hard clay sand- 
stone and micaceous sandstone with 
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marine layers of pure sandstone. In the 
graptolite sandstones are found simul- 
taneously plant remains, diatoms, radio- 
lares, sponges and foraminifera. In the 
Devonian beds, the Curué formation, 
more than 300 ft. thick, is very rich in 
algae Syprophyton Caudo-Galli, constituting 
a polybitumen, and considered by E. P. 
Oliveira as a possible source bed for 
Devonian oil. 


Southern Plateau 


The southern plateau is very suitable 
for oil investigation. The geological condi- 
tions are good although rendered some- 
what difficult by the interference of 
eruptive rocks; but climatic conditions 
are good, transportation is simple and 
mechanical facilities easily available from 
near-by industrial centers. With the 
exception of the Bafa field, Sao Paulo 
is the area of the most extensive investiga- 
tions, but oil in commercial quantities 
has not yet been found. Drilling tests 
have been made for more than forty 
years by private concerns, by the Federal 
and State Geological Surveys, but the 
results have not been very encouraging, 
since they have found indications of oil 
and gas in few of the wells. 

The area in which research was carried 
on was the Permian Basin of the Gondwana 
series, which constitutes a large belt in 
the states of Sao Paulo, Parana and Santa 
Catarina, extending southward and north- 
ward to Rio Grande do Sul and Goiaz. 
In the former three states indications of 
oil have been found in tar sands; albertite 
and viscous oil in the vesicules of basalts; 
and these have inspired some oil research. 

The initial experiments in oil in the 
Gondwana were based on the possibility 
of getting oil derived from Iraty black 
shale and accumulated in the porous 
strata just above the source bed. Iraty 
shale is a layer of pyrobituminous shale 
interbedded with limestone and chert, 
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many feet thick, containing such a quantity 
of organic matter that on destructive 
distillation it yields 20 to 25 gal. of oil 
per ton. All the early investigations in the 
state of Sao Paulo carried out by Gonzaga 
de Campos, Pacheco and E. P. Oliveira 
were based on a belief in Iraty as a source 
bed. 

After traversing the Iraty beds, drilling 
was stopped on the glacial beds that 
underlie them. In no case has it reached the 
crystalline rocks, the deepest drilling 
having cut through part of the glacial 
deposit and stopped there. 

In 1928 the Government of Sao Paulo 


contracted Chester Washburne to investi- | 
gate oil possibilities, and after his long ~ 


trip, this geologist presented a valuable 
report, the most complete study of oil 
geology in Sado Paulo. As a general idea, 


Washburne suggested searching for oil - 


in the Devonian, which possibly occurs 
below the Permian in Sao Paulo. Not- 
withstanding this new orientation, Wash- 
burne admits the possibility of Permian 
oil derived from Iraty black shale and 
accumulated in adequate structures. Ac- 
cording to his ideas, drilling might be 
deeper in order to search all the glacial 
beds and reach the Devonian, and well- 
defined structures might be found. Some 
of the structures drilled show no oil 
accumulation but baccolites of diabase, 
hence accurate geophysical investigations 
in the area would necessarily save money 
and time. Although it is safe to expect 


to find Devonian oil, the opinion of the 


author is that there is a possibility of 
finding Permian oil, which would be easier 
to reach and has not yet been investigated, 
although it exists in large areas in southern 
Sao Paulo, Parana and Santa Catarina. 

In the southeast of Sao Paulo, there are 
extensive outcrops of tar sands, whose 
origin is still a subject of controversy. 
Most Brazilian geologists believe the tar 
is derived from the natural distillation of 
Iraty shale by eruptives of Rhetic age, 
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but the author-is not convinced of this 
hypothesis. The sulphur content of the 
tar is low, whereas distillates of Iraty 
Shale always yield oils high in sulphur; 
also, phenols are not present in the tar 
sands and are characteristic of the dis- 
tillates of Iraty shale. Moraes Rego has 
shown that small quantities of oil obtained 
from some of the wells in Sao Paulo 
were quite different from Iraty distillates. 
In addition, the enormous quantities of 
tar sands outcropping in Guarey, Piram- 
boia and Porto Martins would correspond 
to equivalent quantities of spent shale; 
in other words, quantities of distilled 
Iraty shale would be found, transformed 
into carbonaceous shales, seven or eight 
times the quantity of bitumen. Up to 
the present, carbonized Iraty shale has 
not been found in any well or outcrop of 
Iraty beds, as coke is found in the coal 
beds of Rio Grande do Sul, cut by diabase 
dikes. However, notwithstanding the many 
problems to be cleared up in Permian 
geology and the difficulties caused by 
eruptives in all the southern plateau, it is 
one of the most interesting areas for oil 
research. Since many wells were drilled 
in Sao Paulo without commercial success, 
and since geologists have not found good 
structures for oil accumulation in the 
best known area of the center of Sado 
Paulo—some showing no oil, but only 
necks and Jlaccolites of eruptives—the 
attitude toward oil possibilities in southern 
Brazil has tended to be pessimistic. 

A. I. Oliveira, with the knowledge that 
he had, put this region in secondary place 
in the geological map of 1938; Glycon de 
Paiva, also a recognized authority, in 
his paper, “Dificuldades especfficas na 
Pesquisa de Petroleo no Sul do Brasil 
(1938)” (Specific Difficulties in Petroleum 
Research in Southern Brazil), puts in 
evidence the difficulties imposed by the 
presence of eruptives, but suggests certain 
tests, by electrical and seismic methods, 
to see what can be done in this field. 
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To Paiva it would seem very difficult 
to decide on locations from which to 
reach the Devonian beds, which outcrop 
in a very small area in Sao Paulo and 
Paran4, and which were exposed to erosion 
during a long geological period before 
Permian sedimentation. The conclusion 
of his paper is that there are in Brazil, 
regardless of the oil research problems, 
other,areas “infinitely easier to work than 
the above mentioned” (southern plateau). 
“If private capital,” continues Mr. Paiva, 
“wants to find Gondwana oil in Brazil, 
it must do it at its own expense and risk 
without the help of the Government. 
The Government aid would only be large 
leases very liberally granted, because of the 
tremendous difficulties encountered in 
the area.” It is evident that the Govern- 
ment cannot give financial aid to private 
concerns, as it is already charged with the 
development of the National Reservation, 
the Bafa field. 

To private organizations all that is 
necessary are the guarantees granted by 
law, and possibly more efficacious help 
in the way of lightening duties on drilling 
machinery and research instruments, and 
greater facilities for foreign technical 
personnel. 

Any drilling program in southern Brazil 
must be preceded by a systematic in- 
vestigation of the tar sands and their 
relationship with basaltic eruptions. It 
would also be very useful to perform geo- 
chemical experiments in the tar-sand 
area and along the Iraty shale outcrops, 
where there is an odor of hydrocarbons. 
Mapping the interesting areas by means 
of photogrammetry, utilizing the modern 
process of trimetrogon, would be a very 
efficient help to oil investigations. Follow- 
ing this work, a geophysical survey done 
by seismographic and electrical methods, 
depending on the characteristics of the 
areas, and drill tests well placed will 
constitute the basis for locating producing 
wells in southern Brazil. 


Chapter V. Refinmg 


Review of Refinery Engineering for 1943 
By WaAtter MILLER,* MEMBER A.I.M.E. 


Durinc the second year of America’s 
active participation in the war the main 
objectives of the petroleum-refining indus- 
try were again to provide the four most 
important product needs for war: 100- 
octane aviation gasoline, toluene for 
T.N.T. production, high-quality lubricat- 
ing oils for the needs of aviation and the 
armed forces, and petroleum chemicals for 
synthetic rubber manufacture. All other 
materials supplied by the petroleum indus- 
try took an inferior priority ranking, de- 
pending on the degree of essentiality. 

To accomplish the above objectives the 
industry initiated and carried on a build- 
ing program during 1942 and 1043 which 
will put those two years down in petroleum- 
refining history as the greatest construction 
years of all time, a record which will hold 
for decades to come. Led by an estimated 
total of $900,000,000 going into 100-octane 
and contributory plant investment, it is 
easy to picture a total of two billion dollars 
and more going into additional refining- 
industry plant investment during 1942 and 
1943, most of it privately paid for, but a 
substantial part covered by R.F.C. Gov- 
ernment money financing. 

Some of the new plants will not be com- 
pleted until 1944, but a large proportion 
of the program was finished and put into 
operation, adding substantially to the out- 
put of the four principal products during 


1943. 


* Chairman, Committee on Refinery Engi- 
neering, Petroleum Division, A.I.M.E.; Vice- 
President, Continental Oil Co., Ponca City, 
Oklahoma. i : 

Reprinted from Mining and Metallurgy, 


February 1943. 


AVIATION GASOLINE 


The most important and spectacular 
activity of the refining industry is of 
course the 1oo-octane gasoline program 
necessitated by the fact that nearly go 


per cent of the requirements of the United ~ 


Nations is being furnished by the United 
States. 

Recent P.A.W. figures mention $900,- 
000,000 as the cost of the construction 
looking to increasing the output of this 
all-important munition. Thirty-four major 
plants have been completed, 11 of them 
during the last quarter of the year. Thirty- 
eight more will be completed and put into 
operation during the first four or five 
months of 1944. Twenty-two additional 
plants authorized during 1943 are already 
well under way and scheduled for produc- 
tion late in 1944. 

Early in 1942 the aim was to treble the 
capacity for making t1oo-octane gasoline 
then existing; later, plans were to make it 
five times as great, to match the increased 
warplane building program; and toward 
the end of the year the sights had been set 
at a still higher but unannounced target, 
representing six to seven times the early 
1942 figure. Comparative figures issued 


at the end of 1943 enable one to guess a 


program by the middle of 1944 of eight to 
nine times the former production, with an 


ultimate production in 1944 of eleven or | 


more times the early 1942 output. 

It became obvious in 1943 that building 
of new units would be materially slowed 
because of delay in getting construction 


materials and that they would reach’ 


operation at considerably later dates than 
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at first contemplated. This indicated a con- 
sequent shortage for some period of time of 
the fuel required by the armed services, 
unless other means could be 
bridge the gap. 

All efforts of the industry and P.A.W. 
were quickly applied in collaboration to 
solving this problem. Remarkable accom- 
plishments were recorded in increasing the 
production from existing manufacturing 
facilities by adaptation and alteration of 
facilities taken out of other services; also 
in continually ferreting out and making 
available larger quantities of the various 
liquid petroleum products going into the 
final finished roo octane. This “quick” de- 
velopment has been of incalculable value 
because the shortage of construction 
materials -referred to did delay and is 
delaying completion of most of the 1942 
authorized new major units by from three 


found to 


to six months beyond what had been - 


hoped a year ago. 

Among the things that contributed 
greatly to making up the deficiency caused 
by construction delay were the following: 
(1) The expedient of metamorphosing 
polymerization plants into codimer-pro- 
ducing units and finishing that product 
into commercial iso-octane of 92 to 08 
octane number by utilizing the capacity 
of the industry’s four large existing 
hydrogenation plants. (2) Removal of 
bottlenecks in existing units by changes 
increasing capacity at comparatively small 
expense of time and critical materials. (3) 
The making of cumene by chemically join- 
ing benzene and propylene. (4) Separation 
and utilization of iso-pentane from normal 

-gasoline. (5) Increasing the output of 
alkylation plants by making more raw 
material available to installations develop- 
ing higher than design capacity. (6) 
Searching the industry to bring out and 


_ make usable more of the straight-run, high- 


octane base gasoline contained in crude 
oils to combine with catalytically cracked 
gasolines for blending with the above high- 
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octane components. Help was also received 
from the toluene program as the produc- 
tion of that product was found to exceed 
military requirements (in part brought 
about by the development of new explo- 
sives), toluene making a valuable 1o00- 
octane component. ‘Recently an Army 
General stated to Administrator Ickes: 
‘The job which has been done with 100 
octane by the refinery experts of your 
staff and of the oil industry is one of the 
most amazing things I have ever witnessed. 
It is almost unbelievable. They have 
virtually squeezed it out of a hat.’ ” 

Although a temporary shortage of 100 
octane for training purposes has existed at 
different times and places in this country, 
never has there been any interruption in 
plane operations overseas because of its 
lack. A late-in-December statement by the 
chief of aviation fuel branch of the War 
Department is to the effect that refineries, 
working overtime as they are, are produc- 
ing sufficient aviation gasoline to meet 
consumptive requirements for both train- 
ing and overseas. 

With the 38 new plants coming into 
operation from time to time during the 
next four months, production by May 
should surpass temporarily the constantly 
increasing demands of the augmented 
plane-production schedules and combat 
activities and should build up reserves to 
carry the situation safely over to the 
latter part of 1944. By that time the 22 
additional units authorized in 1943 will be 
coming on the operating line, and the 
industry will be in a position to supply 
without fail all requirements that can be 
foreseen for the duration—constituting an 
enviable record of accomplishment! 


TOLUENE FOR T.N.T. 


The toluene problem of the industry is 
solved. Ordnance Department’s estimates 
of ultimate requirements were somewhat 
reduced because of better experience and 
knowledge of possible rates of consumption 
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and also by virtue of the development and 
manufacture of one or two new explosives, 
more suitable for certain objectives than 
APAIN| ARS 

Hydroformer installations, the catalytic 
re-forming process which converts certain 
petroleum aliphatics to aromatics prin- 
cipally of the toluene and xylene types, 
and the attendant toluene extraction and 
purification plants were completed to a 
total capacity beyond the reduced esti- 
mated requirements. As a result of the 
lesser needs for explosives, from a quarter 
to a third of the toluene production as well 
as some of the xylene made is being di- 
verted to the r1oo-octane activities, for 
which purpose these chemicals are almost 
as valuable a blending component as the 
commercial iso-octane being produced by 
the alkylation process installations. The 
high-octane and high-rich-mixture charac- 
teristics, and the favorable boiling ranges 
possessed by these chemicals, enable im- 
portant increases in roo-octane output. 

The Toluene Technical Committee, 
organized in 1942 under the auspices of 
Ordnance Department and working in 
collaboration with P.A.W., has continued 
to function with even greater effectiveness, 
with results apparent in the greater and 
quicker increases in production of this 
indispensable chemical. The activities 
and accomplishments of this committee 
will furnish one of the best illustrations of 
the war in accomplishments brought about 
by the wholehearted, full-scale co-opera- 
tion of the industry with the armed forces 
and through P.A.W. 


HIGH-QUALITY LUBRICATING OILS 


Eight major and about twenty minor 
building projects for increasing output 
of war-purpose lubricating oils make up 
the total program since Pearl Harbor. Five 
of the major projects were announced by 
P.A.W. as being completed and in pro- 
duction by the end of 1943; the other 
three will be finished early in the new 
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year. Most of the twenty minor projects 
have been finished with resultant greater 


output from the existing facilities with — 


which these “bottleneck removers” are 
associated. 
As the situation now stands, ample re- 
serve stocks and current production 
capacity of lubricating oils exist for avia- 
tion and other military and lend-lease 
purposes. All necessary requirements for 
industrial and general uses are and will 
continue to be met, and reserves in stocks 
and production rates are sufficient to 
ensure all possible requirements. This 
activity, all financed by the industry with- 


out public funds, constitutes additional 


evidence, as stated by Deputy Adminis- 
trator Davies of P.A.W., ‘of the patriotic 
co-operation which the petroleum industry 


has accorded the nation in its remarkable ~ 


conversion from peacetime to wartime 


* production.” 


This problem too is solved, and any 


apprehension previously felt has been 
removed. 


SYNTHETIC RUBBER FROM PETROLEUM 


During 1943 new estimates were made 
from time to time of requirements of the 
armed forces and lend-lease based on 1942 
and 1943 actual experience. The quantity 
of 1,074,000 long tons of synthetic rubber 
per year recommended by the Baruch 
Committee in 1942 was changed to 850,000 


long tons, the figures used in Progress ~ 


Report No. 4 of Rubber Director Bradley 
Dewey, issued Nov. 10, 1943, and from 
which some of the following is gleaned. 
On Oct. 31, 1943, construction with a 
rated capacity of 646,000 long tons was 
reported as completed. Full rated produc- 
tion of course is not immediately attainable 
upon completion of construction. The 
Report No. 4 estimates show an annual 
production rate for the last quarter of 1943 


of 493,000 long tons and for the first quarter 


of 1944 at a rate of 665,000 long tons per 
year of all types of synthetics, the annual 
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rate for the fourth quarter of 1944 being 
estimated at 896,000 long tons, indicating 
the completion then of the present pro- 
gram. In view, however, of the. still 
existing shortages of construction materials 
and plant facilities, labor recruiting diffi- 
culties, and lessening of work effort, as 
well as other factors entering the picture, I 
believe that the above estimates are on the 
optimistic side by about three months and 
that Mr. Dewey’s timing that “the next six 
to nine months will be the most difficult” 
will probably extend to twelve months. 
The ordinary civilian still faces a long 
period before removal of the restraints 
which now beset him. 

The “butadiene from alcohol for rubber” 
part of the program is practically com- 
pleted; and of the synthetic production 
rate at the end of the year, some 220,000 
long tons per year is alcohol’s contribution, 
with possibly another 10,000 to 25,000 
per year in sight as operations are smoothed 
out, higher efficiency is attained, and minor 
bottlenecks are eliminated by virtue of 
increasing operating skill. Eleven units in 
three plants, identical in design and 
material requirements, were erected and 
put in operation within a minimum build- 
ing time, speed having been made possible 
by special priorities. Sufficient alcohol has 
been allocated by W.P.B. to run the units 
at capacity. 

Increasing natural rubber importations, 
even though on a small scale, are helpful, 
being estimated at 60,000 long tons for 
1943 and 80,000 in 1944. 

The petroleum refining program for pro- 
ducing raw materials, principally buta- 
diene, from petroleum is behind earlier 
hopes and estimates. The same difficulties 
encountered in the t1oo-octane construc- 
tion work, namely, shortage of man power 
in engineering and design and in field con- 
struction, and late availabilities of con- 
struction equipment and materials because 
of competition with the shipbuilding, avia- 
tion, munition, and armament programs, 


all made for delays in completion of plants. 
Three or four of the larger installations 
originally scheduled for considerably earlier 
completion dates are now expected to go 
into operation during the first four months 
of 1944, the largest of them ail, the 
120,000-ton per year installation at Port 
Neches, Texas, either late January or 
early February. The latest official report 
states that on Oct. 31, 1943, 30 per cent 
of the petroleum division units contribut- 
ing raw materials to synthetic rubber were 
complete, either producing or going into 
production. 

A number of changes were made in the 
production program in effect early in the 
year. Projected production of butyl rubber 
was cut to less than half, and greater 
emphasis placed on Buna S rubber from 
butadiene as more suitable for military 
usage. Neoprene rubber originally set up 
at 60,000 long tons a year is now planned 
for 40,000. 

A good job has been done, although 
the present-day results are disappointing 
in view of earlier estimates and predictions; 
however, a comparison of the situation now, 
and as foreseen for a year from now, with 
the bleak outlook and the muddled, con- 
flicting forces involved in the general 
problem a year and a half or two years ago, 
justifies a feeling of pride in what has been 
accomplished by all individuals and inter- 
ests actively connected with synthetic 
rubber. 

No specific information has been given 
out as yet of costs of synthetic rubber, and 
it is doubtful if any really reliable figures 
are currently available. Some time in 1944, 
however, it should be possible to evaluate 
the relative costs of synthetic rubber from 
alcohol and from petroleum products com- 
pared with crude plantation rubber from 
South America, Africa, and the East Indies. 


RESEARCH AND DEVELOPMENT 


Research and development efforts con- 
tinued cooperatively under the joint 
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auspices of the Petroleum Industry for War 
Council (P.I.W.C.) and Petroleum Admin- 
istration for War (P.A.W.) largely through 
the activities of the Aviation Gasoline 
Advisory Committee (A.G.A.C.), the Tolu- 
ene Technical Committee, and the Tech- 
nical Committee, and the Technical 
Advisory Committee, with a large propor- 
tion of the more experienced refining 
technologists and experts in the industry 
actively engaged in the work. 

Although previous reference has been 
made to the contributions of these tech- 
nical efforts to the roo-octane and toluene 
program, the knowledge and ability and 
experience represented by this group is 
directed in many other directions, always 
of course with promotion of the war 
program as the guiding aim. Practically 
none of the important accomplishments 
are available for general publication, but 
all information as quickly as developed is 
made available to the directly interested 
technical workers and those refiners whose 
operations will be benefited thereby. 

The immediate value to the war effort 
of this research work and the development 
of the new techniques and products is both 
indispensable and incalculable, but the 
value will not stop with the end of fighting. 
The entire refining industry is being lifted 
to a higher plane of accomplishment, to a 
level which will quickly broaden its peace- 
time accomplishments to a degree which 
would have taken years of ordinary 
progress. The impact of the industry on 
chemistry and chemicals of the future, the 
experience leading to better products and 
better utilization of the less valuable frac- 
tions of petroleum by conversion to mate- 
rials for new fields, will unquestionably 
increase petroleum’s contribution to the 
well-being of mankind to degrees beyond 
anything hitherto accomplished. 


CATALYTIC PROCESSES 


Progress made in catalytic operations of 
all kinds is already discernable. Catalytic 
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cracking is rapidly displacing the com- 
paratively inefficient thermal cracking 
operations and this trend will be extended 
much further after the war as construction 
materials become available and as designs 
for smaller-scale catalytic cracking units 


are developed for the intermediate and © 


smaller-size refining units. Catalytic crack- 
ing establishes a trend to the conservation 
of crude oil in that more and better motor 
fuel and furnace oil is made possible with 
a material reduction in production of 
heavy low-value industrial fuel oil, largely 
a by-product of thermal cracking. Catalytic 
processes will be utilized to a continuing 


greater extent in making liquid fuels out of — 


normally gaseous products and convert- 
ing to-bases for the manufacture of chemi- 
cals. Catalytic processes will bridge the 
gap to the next conservation step of 


catalytic oil hydrogenation, technically and — 


practically worked out but not now com- 
mercially feasible. 
coupled with oil hydrogenation will put off 
appreciably the day when other and more 
costly sources of hydrocarbon liquids will 


have to be tapped to eke out ou 4 


supplies of crude. 


CrubE OIL AND GENERAL PRODUCTS 


Crude-oil charges to stills increased from 
approximately 3,600,000 barrels per day in 
January 1943, to around 4,200,000 barrels 
in December, for an average of 3,910,000 
for the year. The outlook for 1944 is for 


still higher runs to the extent the crude oil ~ 


can be made available up to say another 


200,000 to 300,000 barrels daily, as the 


war absorbs continually more petroleum 
products of all kinds. 


Motor gasoline rationing started in the — 
Eastern area in 1942 because of shortage of — 


transportation facilities brought about by 


the submarine sinkings of tankers. Trans-_ 
portation conditions improved greatly, ‘ 
although not completely, during 1943.as _ 


the “Big Inch” pipe line and other pipe 
lines and extensions and reversals came 


Catalytic operations — 
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gradually into operation and a few more 
tankers became available; but concurrently 
increasing war requirements cut into 
quantities available for other uses. With 
military uses taking 600,000 barrels of 
gasoline daily and more to come out of the 
approximately 1,800,000 barrels available, 
it was necessary to extend general gasoline 
rationing countrywide and reduce the 
civilian consumption still further. The 
farmer as a food producer couldn’t be cut 
down, and the trucker engaged in trans- 
porting military necessities couldn’t be 
cut down—the saving had to come from 
reduction of the more or less nonessential 
civilian driving. 

_ At the beginning of the year the situa- 
tion regarding industrial fuel oil was 
critical; and refineries were cutting down 
gasoline yields to increase the output of 


_ that commodity. It was feared factories 
and railroads would be hampered. But 


aided by higher allowable plices for the 
extra fuel produced, that job was so well 
done that after a few months it was pos- 
sible to change the trend back more nearly 
to normal; and sufficient industrial fuel is 
on hand and currently being made to take 
care of all requirements. 

A shortage of kerosene in the Eastern 
part of the country threatened at the year 
end. Marshaled by P.A.W., refiners were 
stepping into the breach, increasing yields 
at the expense of other commodities, so 
this temporarily critical situation should 
be taken care of fairly satisfactorily. 

Gasoline produced for the year was 
slightly higher than in 1942, about 1 per 
cent, in spite of a 2.7 per cent drop in 
yield, the increase being brought about by 
the higher crude runs of about 250,000 
barrels a day and utilization of greater 
quantities of casinghead gasoline by 
refiners. 

Practically all products are likely to 
continue tight in the coming year, espe- 
cially on the Eastern seaboard. Stocks are 
generally low, and little reserves are left. 
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When emphasis is placed on one product, 
and more of that is produced, it means 
lesser production of some other 


product or 
products, 


as light domestic furnace oil 
when making more kerosene. Expedience 
will continue to govern as temporary 
emergencies arise; and through P.A.W., 
refiners will Cooperate to handle such 
special situations, 


POSSIBLE OTHER FuTuRE Sources oF 
PETROLEUM Liguips 


Although a total ultimate discovery and 
production of 35 billion barrels of crude oil 
has been estimated and guessed at, -com- 
pared with the estimated 20 billion barrels 
comprising the present proved reserve, 
higher figures up to roo billion have been 
mentioned. Some fear the new discoveries 
may not come fast enough to meet the in- 
creasing requirements of the country; 
accordingly other possible sources of hydro- 
carbon material have been discussed and 
speculated upon: 

t. Oil shale is one such source, known- 
deposits in this country containing an esti- 
mated 400 billion tons with an estimated 
recoverable content of 90 to 100 billion 
barrels of oil, available as and when 
economic conditions justify the neces- 
sarily large installations and investments. 

2. Wider interest has been stimulated 
in the “tar” sands, oil-saturated sands in 
the Athabaska region in northern Alberta 
in which small-scale operations have been 
carried on for some time. Their location is 
about 500 miles north of the United States 
border and 500 miles east of the Pacific 
coast line. An enormous deposit is evi- 
denced, estimates ranging from 100 billion 
to 250 billion barrels of potential oil. 

3. Hydrogenation of coal to liquids, an 
expensive but demonstrated operation 
carried out in England and Germany with 
a practically unlimited supply of raw e 
materials, is another potential source. A 
bill before Congress at the end of the year, 
already approved by the Senate, would 
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appropriate $30,000,000 for building some 
fair-size demonstration plants by the 
Government to work out design, operating, 
and economic phases on the theory that it 
was a problem for Government and not 
private business to carry on for the general 
future good of the country as a whole. 

4. A fourth source is the making of 
synthetic motor gasoline from the great 
natural-gas reserves in this country, a 
reserve which has been estimated as 95 
trillion cubic feet and from which possibly 
ten billion barrels of liquid petroleum 
products could be obtained by using a 
modified catalytic liquefying process based 
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on the Fisher-Tropsch methods used in 
Germany for making synthetic gasoline 
and other petroleum equivalents from 
coal. 

The question as to when and how the 
above sources will have to be utilized and 
in what order they will be tapped and what 
economic price levels for crude oils will 
have to be established and maintained to 
justify the new sources with their mate- 
rially higher per-barrel over-all cost will be 
answered in the future. Apparently there 


is assurance of an ample supply of gasoline’ 


and other petroleum liquids for succeeding 
generations at a price. 
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Production 


Oil Developments in the Texas Panhandle during 1943 
By Gat F. Moutton,* Memper A.I.M.E. 


IN spite of an increase of 7 cents per 
barrel in the posted price of oil for the 
Panhandle field effective June 16, 1943, 
there was less drilling during 1943 than in 
any of the several previous years. The 


to those obtained during 1942, when no new 
oil areas were discovered as a result of wild- 
catting, a total of five wildcat wells in 1942 
resulting in four failures and one gas-field 
discovery of undetermined merit. 


TABLE 1.*—Oil Production in Texas Panhandle 


Total Oil Production, Bbl. 


Wells, December 1943 


Field 
To End 1943 | During 1943 | Flowing | Pumping Total 
Carson County........ 47,15 
Be areteletet ats teeec® ons uintsl ss +153,206 4,112,016 8 705 713 
Man GC Oe oes OM ene stare Pale wis ae es whe 211,955,378 13,600,612 I5 2,389 2,404 
Hutchinson County...... 178,125,706 II,391,525 10 2,025 2,035 
PURRCUPMCCATC Er ey eA et ae 5,463,660 162,688 =] ae) 13 
Wheeler County....... 23,443,133 I,491,451 2 409 4It 
466,141,083 30,758,292 38 5,538 1576 
Meeters Gomne ests on 0s Salo sane lewd s 33,822 Abandoned 


@ Data from published reports Oil and Gas Division, The Texas Railroad Commission. 


drilling statistics are compiled as Table 2 
and show the material increase in the per- 
centage of the total number of field wells 
completed as dry holes. This increase sug- 
gests that the productive area of the field is 
largely drilled up on the well-spacing pat- 
tern now followed and that new discoveries 
will be required to permit any important 
new activity in the area. The fact that 
only four wildcats were drilled in the area 
during the year indicates that some new 
prospecting technique or some new point of 
view is required to stimulate exploration. 
No new producing areas were discovered 
during 1943 and no additions to oil reserves 
were made through extensions or discovery 
of new pays. Accordingly, the proven re- 
serves in the area declined by the amount 
of the production, or nearly 31 million 


‘barrels. These results of drilling are similar 


Manuscript received at the office of the 
Institute June 26, 1944. ; 

* Geologist, The Chase National Bank, New 
York, N.Y. 


The statistics of oil production are shown 
on Table 1. Production during 1943 was 
almost exactly the same as for 1942, ac- 
cording to reports by the Oil and Gas 
Division of the Texas Railroad Commis- 


TABLE 2.°—Summary of Drilling Opera- 
tions, Texas Panhandle 


Field Wells 


Num-| Per | Num-| Per 
ber | Cent | ber | Cent 
Onl-wellsi..ct cose 277 iy RAW eS) 7 Tea 
Gas wells. pice ts tale 63 U7 30 15.9 
Wry Holes. cop eos 7 4.8 24 12.6 
Total field wells....... 357 | 100.0} I9I | 100.0 
Wildcat wells......... 53 4 
Total completions.....| 360 195 


@ Data from The Oil Weekly. 


sion. The number of oil-producing wells 
reported by the Commission increased 
during the year by 163 to a total of 5576 
as of December. 
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